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(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that 
effective track width becomes larger than optical track 
width when track width becomes 0.2 ^m or less in the 
conventional magnetic detection element. 
SOLUTION: When the distance between upper and 
lower shield layers 45 and 31 in a region that is 
overlapped with first electrode layers 43 and 43 and Is 
not overlapped with second electrode layers 43 and 43 is 
set to GIs, and the distance between the upper and 
lower shield layers 45 and 31 at a position that is 
overlapped with a center C in a multilayer film T is set to 
Glc, the difference between the GIs and Glc is set to a 
specific value or less, thus reducing the effective track 
width E-Tw. 
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* NOTICES * 

JPO and NCIPl are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The lower shielding layer which consists of a magnetic material on a substrate, and the lower 
gap layer which consists of an insulating ingredient by which a laminating is carried out on this lower 
shielding layer, The multilayer by which has the fixed magnetic layer to which the magnetization 
direction is fixed by the switched connection field with an antiferromagnetism layer and said 
antiferromagnetism layer, a non-magnetic material layer, and the free magnetic layer to which 
magnetization is changed to an external magnetic field, and a laminating is carried out on said lower gap 
layer. The polar zone for supplying a current to said multilayer, and the up gap layer which consists of 
an insulating ingredient by which a laminating is carried out on said multilayer and said polar zone. In 
the magnetic sensing element which has the up shielding layer which consists of a magnetic material by 
which a laminating is carried out on said up gap layer said polar zone Two or more layer laminating of 
the electrode layer which consists of an electrode of the couple which opened predetermined spacing 
crosswise [ truck ] and was formed in the field which laps with said multilayer, and/or the both-sides 
field of said multilayer is carried out. Spacing of the truck cross direction of the electrode of said couple 
is enlarged for the upper electrode layer. The distance between said up shielding layer in said field 
which lap only with the electrode layer of the lowest layer among the electrode layers of a layer, and 
said lower shielding layer Gls, The magnetic sensing element characterized by setting the value of said 
difference of Gls and Glc below to the value fi-om which the effective width of recording track of a 
magnetic sensing element is set to 0.17 micrometers when distance between said up shielding layer in 
the location which laps with the center of said multilayer, and said lower shielding layer is set to Glc. 
[Claim 2] The lower shielding layer which consists of a magnetic material on a substrate, and the lower 
gap layer which consists of an insulating ingredient by which a laminating is carried out on this lower 
shielding layer. The multilayer by which has the fixed magnetic layer to which the magnetization 
direction is fixed by the switched connection field with an antiferromagnetism layer and said 
antiferromagnetism layer, a non-magnetic material layer, and the fi-ee magnetic layer to which 
magnetization is changed to an extemal magnetic field, and a laminating is carried out on said lower gap 
layer. The polar zone for supplying a current to said multilayer, and the up gap layer which consists of 
an insulating ingredient by which a laminating is carried out on said multilayer and said polar zone, In 
the magnetic sensing element which has the up shielding layer which consists of a magnetic material by 
which a laminating is carried out on said up gap layer said polar zone Two or more layer laminating of 
the electrode layer which consists of an electrode of the couple which opened predetermined spacing 
crosswise [ truck ] and was formed in the field which laps with said multilayer, and/or the both-sides 
field of said multilayer is carried out. Spacing of the truck cross direction of the electrode of said couple 
is enlarged for the upper electrode layer. Among said electrode layers which are layers The part on the 
electrode layer of the lowest layer, A wrap insulating layer is formed in all the fields on electrode layers 
other than the electrode layer of said lowest layer. It is said field which lap only with the electrode layer 
of the lowest layer among the electrode layers of a layer. When distance between said up shielding layer 
in the location which laps the distance between said up shielding layer in the field which does not lap 
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with said insulating layer, and said lower shielding layer with the center of Gls and said multilayer, and 
said lower shielding layer is set to Glc The magnetic sensing element characterized by setting below to 
the value from which the effective width of recording track of a magnetic sensing element is set to 0.17 
micrometers in said value of the difference of Glc with said Gls. 

[Claim 3] The magnetic sensing element according to claim 1 or 2 which sets said Gls and said value of 
Glc as the range which fills Glc-20 nm<=Gls<=Glc+90nm. 

[Claim 4] The magnetic sensing element according to claim 1 or 2 which sets said Gls and said value of 
Glc as the range which fills Glc-20 nm<=Gls<=Glc+30nm. 

[Claim 5] The magnetic sensing element according to claim 1 to 4 which sets said Gls and said value of 
Glc as the range which fills 0.67 <=Gls/Glc<=2.50. 

[Claim 6] The magnetic sensing element according to claim 1 to 4 which sets said Gls and said value of 
Glc as the range which fills 0.67 <=Gls/Glc<=1.50. 

[Claim 7] The magnetic sensing element according to claim 1 to 6 which makes said Gls and said value 
of Glc Gls>Glc. 

[Claim 8] The magnetic sensing element according to claim 1 to 6 which makes said Gls and said value 
ofGlcGls=Glc. 

[Claim 9] The magnetic sensing element according to claim 1 to 6 which makes said Gls and said value 

of Glc Gls<Glc. 

[Claim 10] The lower shielding layer which consists of a magnetic material on a substrate, and the lower 
gap layer which consists of an insulating ingredient by which a laminating is carried out on this lower 
shielding layer, The multilayer by which has the fixed magnetic layer to which the magnetization 
direction is fixed by the switched connection field with an antiferromagnetism layer and said 
antiferromagnetism layer, a non-magnetic material layer, and the free magnetic layer to which 
magnetization is changed to an external magnetic field, and a laminating is carried out on said lower gap 
layer. The hard bias layer for arranging the magnetization direction of said free magnetic layer in the 
fixed direction, The polar zone for supplying a current to said multilayer formed in the location which 
laps with said hard bias layer, In the magnetic sensing element which has the up gap layer which 
consists of an insulating ingredient by which a laminating is carried out on said multilayer and said polar 
zone, and the up shielding layer which consists of a magnetic material by which a laminating is carried 
out on said up gap layer Said polar zone to the field which laps with said multilayer, and/or the both- 
sides field of said muhilayer The magnetic sensing element to which two or more layer laminating of the 
electrode layer which consists of an electrode of the couple which opened predetermined spacing 
crosswise [ truck ] and was formed in it is carried out, and the upper electrode layer is characterized by 
enlarging spacing of the truck cross direction of the electrode of said couple. 
[Claim 11] Said hard bias layer is a magnetic sensing element according to claim 1 to 10 which has 
countered through the bias substrate layer of Inm or less of thickness which the side face by the side of 
said multilayer is directly in contact with the side face of said free magnetic layer, or becomes from the 
side face and non-magnetic material of said free magnetic layer. 

[Claim 12] The electrode layer of a layer is a magnetic sensing element according to claim 1 to 1 1 to 
which said include angle which as parallel to said multilayer front face a flat surface as the upper 
electrode layer and the tangential plane of the front end edge of said electrode layer make becomes 
small 

[Claim 13] The electrode layer of a layer is said magnetic sensing element according to claim 1 to 12 to 
which thickness becomes thick like the upper electrode layer two or more. 

[Claim 14] The depth die length of the height direction of the electrode layer of the lowest layer is a 
magnetic sensing element [ longer than the depth die length of the height direction of said multilayer ] 
according to claim 1 to 13 among said electrode layers which are layers. 
[Claim 15] Said magnetic sensing element according to claim 1 to 14 which makes two or more 
ingredients of the electrode layer of the lowest layer any one sort of W, Ta, Rh, Ir, and Ru, or two sorts 
or more among the electrode layers of a layer, and forms the ingredient of electrode layers other than the 
electrode layer of the lowest layer by any one sort of Cr, Cu, Au, and Ta, or two sorts or more. 
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[Claim 16] (a) The process which forms the multilayer which demonstrates a lower shielding layer, a 
lower gap layer, and a magneto-resistive effect on a substrate, (b) The process which forms a resist layer 
on said multilayer, and the process which deletes the field which is not covered with said resist layer of 
the (c) aforementioned muhilayer, (d) to the field which laps with said multilayer, and/or the both-sides 
field of said multilayer The process which forms the 1st electrode layer which consists of an electrode of 
the couple which opened predetermined spacing crosswise [ truck ] and was formed in it fi-om a 
predetermined include angle to the direction of a normal of said substrate, and removes the account 
resist layer of back to fi-ont, (e) The process which forms the resist layer for lift ofifs in which the slitting 
section was formed on said multilayer and said 1st electrode layer, (f) The process which forms the 2nd 
electrode layer from a predetermined include angle on said 1st electrode layer to the direction of a 
normal of said substrate, (g) The manufacture approach of the magnetic sensing element characterized 
by having the process which removes said resist layer for said lift offs, the process which forms an up 
gap layer on the (h) aforementioned muhilayer and the 2nd electrode layer, and the process which forms 
an up shielding layer on the (i) aforementioned up gap layer. 

[Claim 17] The manufacture approach of a magnetic sensing element according to claim 16 of setting up 
more greatly than the predetermined include angle in the process of the above (d) said predetermined 
include angle in the process of the above (f). 

[Claim 18] The manufacture approach of the magnetic sensing element according to claim 16 or 17 
which makes thickness of the 2nd electrode layer thicker than the thickness of said 1st electrode layer in 
the process of the above (f). 

[Claim 19] It forms on the electrode layer of the maximum upper layer among the already formed two or 
more layers electrode layers from said multilayer, applying the resist layer for lift offs by which (j) 
slitting section was formed between the process of the above (g), and the process of (h). The 
manufacture approach of a magnetic sensing element according to claim 16 to 18 of performing the 
process which forms still more nearly another electrode layer from a predetermined membrane 
formation include angle to the direction of a normal of said substrate, and removes the account resist 
layer of back to front on the electrode layer of said maximum upper layer once or more. 
[Claim 20] The manufacture approach of the magnetic sensing element according to claim 19 which 
makes the membrane formation include angle when forming said another electrode layer larger than the 
membrane formation include angle when forming the lower layer electrode layer of said another 
electrode layer in the process of the above (j). 

[Claim 21] The manufacture approach of the magnetic sensing element according to claim 19 or 20 
which makes thickness of said another electrode layer thicker than the thickness of the lower layer 
electrode layer of said another electrode layer in the process of the above (j). 

[Claim 22] Between the process of the above (f), the process of the above (g) between the processes of 
the above (g), and the processes of the above (h), or in between (k) the process of the above (j), and the 
processes of the above (h) The manufacture approach of a magnetic sensing element according to claim 
16 to 21 of having the process which forms a wrap insulating layer for the top face of all electrode layers 
other than the electrode layer of said lowest layer. 

[Claim 23] To the field which laps with the part on the electrode layer of the lowest layer between the 
process of the above (h), and the process of the above (i) among the (1) aforementioned multilayer and 
the electrode layer formed two or more layers The laminating of the resist layer for lift offs in which the 
slitting section was formed is carried out, and said substrate is received. On said up gap layer from 
across The manufacture approach of a magnetic sensing element according to claim 16 to 22 of having 
the process which forms a wrap insulating layer for all the fields on electrode layers other than the 
electrode layer of said lowest layer. 

[Claim 24] The manufacture approach of a magnetic sensing element according to claim 16 to 23 of 
having the process which forms said 1st electrode layer according to the process of the above (d) after 
forming a hard bias layer on both sides of said multilayer after the process of the above (c). 
[Claim 25] The manufacture approach of the magnetic sensing element according to claim 16 to 24 
which forms the depth die lengtii of the height direction of said 1st electrode layer in the process of the 
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above (d) for a long time than the depth die length of the height direction of said multilayer. 
[Claim 26] The ingredient of said 1st electrode layer is made into any one sort or two sorts or more in 
W, Ta, Rh, Ir, and Ru in the process of the above (d). The manufacture approach of the magnetic sensing 
element according to claim 16 to 25 which makes the ingredient of electrode layers other than said 1st 
electrode layer any one sort or two sorts or more in Cr, Cu, Au, and Ta in the process of the above (f) 
and 0. 

[Claim 27] Said field which lap only with the electrode layer of the lowest layer among the electrode 

layers of a layer Or it is said field which lap only with the electrode layer of tfie lowest layer among the 

electrode layers of a layer, and can set to the field which does not lap with said insulating layer. When 

distance between said up shielding layer in the location which laps the distance between said up 

shielding layer and said lower shielding layer with the center of Gls and said multilayer, and said lower 

shielding layer is set to Glc The manufacture approach of a magnetic sensing element according to claim 

16 to 26 of setting the value of said difference of Gls and Glc below to the value from which the 

effective width of recording track of a magnetic sensing element is set to 0.17 micrometers. 

[Claim 28] The manufacture approach of a magnetic sensing element according to claim 27 of setting 

said Gls and said value of Glc as the range which fills Glc-20 nm<=Gls<=GlcH-90nm. 

[Claim 29] The manufacture approach of a magnetic sensing element according to claim 27 or 28 of 

setting said Gls and said value of Glc as the range which fills 0.67 <=Gls/Glc<=2.50. 

[Claim 30] The manufacture approach of the magnetic sensing element according to claim 27 to 29 

which makes said Gls and said value of Glc Gls>Glc. 

[Claun 31] The manufacture approach of the magnetic sensing element according to claim 27 to 29 
which makes said Gls and said value of Glc Gls=Glc. 

[Claim 32] The manufacture approach of the magnetic sensing element according to claim 27 to 29 
which makes said Gls and said value of Glc Gls<Glc. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic sensing element which detects a field 
using a magneto-resistive effect, and relates to the magnetic sensing element which can narrow the 
effective width of recording track and can respond to high recording density-ization especially, and its 
manufactiu'e approach. 
[0002] 

[Description of the Prior Art] Drawing 28 is the sectional view which saw the conventional magnetic 
sensing element from the opposed face side with a record medium. 

[0003] In the magnetic sensing element shown in drawing 28 , the laminating of the lower gap layer 9 is 
carried out on the lower shielding layer 8, the antiferromagnetism layer 11 is formed in the direction of 
graphic display X for a long time through the substrate layer 10 on the lower gap layer 9, only the height 
dimension dl projects and the antiferromagnetism layer 1 1 is formed at the core of the direction of X. 
And on this projecting antiferromagnetism layer 1 1, the fixed magnetic layer 12, the nonmagnetic 
conductive layer 13, the free magnetic layer 14, and a protective layer 15 are formed, and the layered 
product to a protective layer 15 consists of substrate layers 10 as a multilayer 16. 
[0004] The antiferromagnetism layer 1 1 is formed with antiferromagnetism ingredients, such as a Pt-Mn 
(platinum-manganese) alloy. 

[0005] Said fixed magnetic layer 12 and free magnetic layer 14 are formed with a nickel-Fe (nickel-iron) 
alloy, Co (cobalt), the Co-Fe (cobalt-iron) alloy, the Co-Fe-nickel alloy, etc., and said nonmagnetic 
conductive layer 13 is formed with the nonmagnetic electrical conducting material with low electric 
resistance, such as Cu (copper). 

[0006] And as shown in drawing 28 , from on the width method T8 of the antiferromagnetism layer 1 1 
which was extended in the direction of graphic display X, and was formed in it, it applies to the side face 
of the fixed magnetic layer 12, the nonmagnetic conductive layer 13, and the free magnetic layer 14, the 
metal membrane 1 7 used as the buffer film and orientation film which were formed by Cr etc. is formed, 
and the bias field generated from the hard bias layer 18 later mentioned by formation of this metal 
membrane 17 can be increased. 

[0007] On the metal membrane 17, the hard bias layer 18 formed with the Co-Pt (cobalt-platinum) alloy, 
the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc. is formed. 

[0008] The hard bias layer 18 is magnetized in the direction of graphic display X (truck cross direction), 
and magnetization of the free magnetic layer 14 is arranged in the direction of graphic display X by the 
bias field to the direction of X from the hard bias layer 18. 

[0009] Moreover, on the hard bias layer 18, the electrode layer 20 which the interlayer 19 formed by 
non-magnetic materials, such as Ta, was formed, and was formed by Cr, Au, Ta, W, etc. on this 
interlayer 19 is formed. 

[0010] Furthermore, the laminating of the up gap layer 21 which consists of an insulating material on a 
multilayer 16 and the electrode layer 20 is carried out, and the up shielding layer 22 is formed on the up 
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gap layer 21 which consists of a magnetic material. 

[001 1] Here, the width method of the top face of a multilayer 16 the electrode layer 20 is not formed is 
optical truck width method O-Tw, and the distance between the up shielding layer 22 in the location 
which laps with the center of a multilayer 16, and the lower shielding layer 8 is gap length Gl. 
[0012] 

[Problem(s) to be Solved by the Invention] In order that high recording density-ization of a magnetic- 
recording medium may progress increasingly and may enlarge track recording density in recent years, it 
has come to be required that gap length Gl of a magnetic sensing element should be shortened 
increasingly. In order to shorten gap length Gl, it is necessary to make small thickness of the lower gap 
layer 9 and the up gap layer 2 1 . 

[0013] However, with the structure of the conventional magnetic sensing element as shown in drawing 
28 , the level difference is formed in the forming face of the up gap layer 21 of surface 16a of a 
multilayer 16, and side-face 20a of the electrode layer 20. The laminating of the insulating ingredient for 
forming the up gap layer 21 on this level difference is hard to be carried out. Therefore, if thickness of 
the up gap layer 21 is made small while it has been in the condition that said level difference was 
formed, the up gap layer 21 will become is hard to be formed on this level difference, and it will become 
easy to short-circuit between the up shielding layer 22 and the electrode layers 20 electrically. 
[0014] Moreover, the field from the record medium generated from the recording track in the both sides 
of the recording track for detection invades into a magnetic sensing element, and the phenomenon in 
which it is sensed in the field near the both-sides section of a multilayer 16 arises. This phenomenon 
could be disregarded, when the truck width method and track pitch spacing of a magnetic sensing 
element were large, for example a truck width method was 0.2 micrometers or more. However, if said 
truck width method is set to 0.2 micrometers or less, track pitch spacing will also become narrow. The 
rate of the magnitude of the field which invades from the recording track in both sides to the magnitude 
of the field from the recording track for detection becomes large. The phenomenon in which an effective 
truck width method will become larger than optical truck width method 0-Tw as a result arose, and the 
problem of it becoming impossible for a magnetic sensing element to correspond to high recording 
density-ization of a record medium had arisen. 

[0015] This invention aims at offering the magnetic sensing element which it is and can advance 
narrow-gap-izing of a magnetic sensing element, and narrow track width-of-face-ization and its 
manufacture approach for solving the above-mentioned conventional technical problem. 
[0016] 

[Means for Solving the Problem] The lower shielding layer to which this invention consists of a 
magnetic material on a substrate, and the lower gap layer which consists of an insulating ingredient by 
which a laminating is carried out on this lower shielding layer, The multilayer by which has the fixed 
magnetic layer to which the magnetization direction is fixed by the switched connection field with an 
antiferromagnetism layer and said antiferromagnetism layer, a non-magnetic material layer, and the free 
magnetic layer to which magnetization is changed to an extemal magnetic field, and a laminating is 
carried out on said lower gap layer. The polar zone for supplying a current to said multilayer, and the up 
gap layer which consists of an insulating ingredient by which a laminating is carried out on said 
multilayer and said polar zone, In the magnetic sensing element which has the up shielding layer which 
consists of a magnetic material by which a laminating is carried out on said up gap layer said polar zone 
Two or more layer laminating of the electrode layer which consists of an electrode of the couple which 
opened predetermined spacing crosswise [ truck ] and was formed in the field which laps with said 
multilayer, and/or the both-sides field of said multilayer is carried out. Spacing of the truck cross 
direction of the electrode of said couple is enlarged for the upper electrode layer. The distance between 
said up shielding layer in said field which lap only with the electrode layer of the lowest layer among the 
electrode layers of a layer, and said lower shielding layer Gls, When distance between said up shielding 
layer in the location which laps with the center of said multilayer, and said lower shielding layer is set to 
Glc, it is characterized by setting the value of said difference of Gls and Glc below to the value from 
which the effective width of recording track of a magnetic sensing element is set to 0.17 micrometers. 
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[0017] Since the electrode layer of said lowest layer is adjoined and prepared in the both sides of said 
multilayer, the distance Gls between said up shielding layer in the field which laps only with the 
electrode layer of said lowest layer, and said lower shielding layer will be called the distance between 
said up shielding layer [ / near the both sides of said multilayer ], and said lower shielding layer. 
[0018] If the distance between said up shielding layer [ / near the both sides of said multilayer ] and said 
lower shielding layer becomes large, it will pass along between said up shielding layer and said lower 
shielding layers, the field firom the record medium generated fi:om the recording track of the both sides 
of the recording track for detection will become easy to invade into a magnetic sensing element, and the 
effective width of recording track will become large. That is, it becomes easy to generate the cross talk 
between recording tracks. 

[0019] If the value of said difference of Gls and Glc actually becomes large so that it may mention later, 
the effective width of recording track of a magnetic sensing element will also become large. 
[0020] In this invention, by making the value of said difference of Gls and Glc below into a 
predetermined value, it can suppress that the distance between said up shielding layer [ / near the both 
sides of said multilayer ] and said lower shielding layer becomes large, and the effective width of 
recording track can be made small. Especially, in this invention, the effective width of recording track is 
made to 0. 1 7 micrometers or less. 

[0021] However, if distance between said up shielding layer [ / near the both sides of said multilayer ] 
and said lower shielding layer is made small, it will be prepared in the both sides of said multilayer, it 
will be necessary to make tiiin thickness of the electrode layer which supplies a direct cxirrent to said 
multilayer, and, as a result, the direct-current-resistance value of a magnetic sensing element will 
become large. 

[0022] So, in this invention, two or more layer laminating of the electrode layer which consists of an 
electrode of the couple opened and formed is carried out [ spacing / predetermined to the truck cross 
direction ] in said polar zone. The upper electrode layer in the place which formed said polar zone thinly 
[ near / said / the multilayer ], and'is distant from said multilayer by having enlarged spacing of the truck 
cross direction of the electrode of said couple Thickness of said polar zone is enlarged by carrying out 
two or more layer laminating of said electrode layer. 

[0023] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between said up shielding layer [ / near the both sides of said multilayer ], 
and said lower shielding layer. 

[0024] Moreover, in this invention, since said polar zone can be formed thinly [ near / said / the 
multilayer ], the level difference formed of the fi'ont face of said multilayer and the side face of said 
polar zone can be made low. Therefore, even if it makes thickness of said up gap layer small, said up 
gap layer can be certainly formed on this level difference. Namely, the electric short circuit between said 
up shielding layers and said electrode layers can be more certainly prevented now. 
[0025] Moreover, the lower shielding layer to which this invention consists of a magnetic material on a 
substrate and the lower gap layer which consists of an insulating ingredient by which a laminating is 
carried out on this lower shielding layer, The multilayer by which has the fixed magnetic layer to which 
the magnetization direction is fixed by the switched connection field with an antiferromagnetism layer 
and said antiferromagnetism layer, a non-magnetic material layer, and the firee magnetic layer to which 
magnetization is changed to an external magnetic field, and a laminating is carried out on said lower gap 
layer. The polar zone for supplying a current to said multilayer, and the up gap layer which consists of 
an insulating ingredient by which a laminating is carried out on said multilayer and said polar zone. In 
the magnetic sensing element which has the up shielding layer which consists of a magnetic material by 
which a laminating is carried out on said up gap layer said polar zone Two or more layer laminating of 
the electrode layer which consists of an electrode of the couple which opened predetermined spacing 
crosswise [ truck ] and was formed in the field which laps with said multilayer, and/or the both-sides 
field of said multilayer is carried out. Spacing of the truck cross direction of the electrode of said couple 
is enlarged for the upper electrode layer. Among said electrode layers which are layers The part on the 
electrode layer of the lowest layer, A wrap insulating layer is formed in all the fields on electrode layers 
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other than the electrode layer of said lowest layer. It is said field which lap only with the electrode layer 
of the lowest layer among the electrode layers of a layer. When distance between said up shielding layer 
in the location which laps the distance between said up shielding layer in the field which does not lap 
with said insulating layer, and said lower shielding layer with the center of Gls and said multilayer, and 
said lower shielding layer is set to Glc It is characterized by setting below to the value fi"om which the 
effective width of recording track of a magnetic sensing element is set to 0.17 micrometers in said value 
of the difference of Glc with said Gls. 

[0026] In this invention, since two or more wrap insulating layers are formed among the electrode layers 
of a layer in the part on the electrode layer of the lowest layer, and all the fields on electrode layers other 
than the electrode layer of said lowest layer, in said part which influences neither the effective width of 
recording track nor playback pulse width (PW50), the electric short circuit between said up shielding 
layers and said electrode layers can be prevented more certainly. 

[0027] Moreover, it is desirable to set said Gls and said value of Glc as the range which fills Glc-20 
mn<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0028] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=1.50 still more preferably. 

[0029] In addition, it is good also as Gls<Glc also as Gls=Glc also considering said Gls and said value 
of Glc as Gls>Glc within the limits of said Gls mentioned above and said value of Glc. 
[0030] If it is Gls>Glc, the distance between said up shielding layer [ / near the both sides of said 
multilayer ] and said lower shielding layer is larger than the distance between said up shielding layer in 
the field which laps with said multilayer, and said lower shielding layer (gap length). 
[0031] If it is Gls=Glc, the distance between said up shielding layer [ / near the both sides of said 
multilayer ] and said lower shielding layer is equal to the distance between said up shielding layer in the 
field which laps with said multilayer, and said lower shielding layer (gap length). 
[0032] If it is Gls<Glc, the distance between said up shielding layer [ / near the both sides of said 
multilayer ] and said lower shielding layer is smaller than the distance between said up shielding layer in 
the field which laps with said multilayer, and said lower shielding layer (gap length). 
[0033] Moreover, the lower shielding layer to which this invention consists of a magnetic material on a 
substrate and the lower gap layer which consists of an insulating ingredient by which a laminating is 
carried out on this lower shielding layer, The multilayer by which has the fixed magnetic layer to which 
the magnetization direction is fixed by the switched connection field with an antiferromagnetism layer 
and said antiferromagnetism layer, a non-magnetic material layer, and the fi-ee magnetic layer to which 
magnetization is changed to an external magnetic field, and a laminating is carried out on said lower gap 
layer, The hard bias layer for arranging the magnetization direction of said fi-ee magnetic layer in the 
fixed direction. The polar zone for supplying a current to said multilayer formed in the location which 
laps with said hard bias layer, In the magnetic sensing element which has the up gap layer which 
consists of an insulating ingredient by which a laminating is carried out on said multilayer and said polar 
zone, and the up shielding layer which consists of a magnetic material by which a laminating is carried 
out on said up gap layer Said polar zone to the field which laps with said multilayer, and/or the both- 
sides field of said multilayer Two or more layer laminating of the electrode layer which consists of an 
electrode of the couple which opened predetermined spacing crosswise [ truck ] and was formed in it is 
carried out, and the upper electrode layer is characterized by enlarging spacing of the truck cross 
direction of the electrode of said couple. 

[0034] In this invention, said fi-ee magnetic layer is single-domain-ized using the hard bias layer which 
consists of a ferromagnetic high ingredient of the capacity to arrange the magnetization direction of said 
free magnetic layer in the fixed direction. 

[0035] However, if a hard bias layer is used, the level difference which must stop having to form said 
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polar zone in the location which laps with this hard bias layer, and is formed of the front face of said 
multilayer and the side face of said polar zone will become high, and an up gap layer will become that it 
is hard to be formed certainly. 

[0036] In this invention, two or more layer laminating of the electrode layer which consists of an 
electrode of the couple which opened spacing predetermined to the truck cross direction, and was 
formed in said polar zone is carried out, and spacing of the truck cross direction of the electrode of said 
couple the upper electrode layer by having been enlarged Thickness of said polar zone is enlarged by 
forming said polar zone thinly [ near / said / the multilayer ], and carrying out two or more layer 
laminating of said electrode layer in the place distant from said multilayer. 
[0037] Therefore, in this invention, since said polar zone can be formed thinly [ near / said / the 
multilayer ], the level difference formed of the front face of said multilayer and the side face of said 
polar zone can be made low, and said up gap layer can be certainly formed on this level difference. 
Namely, the electric short circuit between said up shielding layers and said electrode layers can be more 
certainly prevented now. 

[0038] In addition, if the side face by the side of said multilayer has countered through the bias substrate 
layer of Inm or less of thickness which is directly in contact with the side face of said free magnetic 
layer, or consists of the side face and non-magnetic material of said free magnetic layer, since said hard 
bias layer and said free magnetic layer will serve as a continuum magnetically and stability of said hard 
bias layer will increase, it is desirable. 

[0039] Moreover, said include angle which as parallel to said multilayer front face a flat surface as the 
upper electrode layer and the tangential plane of the front end edge of said electrode layer make 
becomes small, and, as for the electrode layer of a layer, it is as desirable as the upper electrode layer 
that thickness becomes [ two or more ] thick. 

[0040] Moreover, in this invention, the direct-current-resistance value of a magnetic sensing element can 
be made small by [ said ] making two or more depth die length of the height direction of the electrode 
layer of the lowest layer longer than the depth die length of the height direction of said multilayer among 
the electrode layers of a layer. 

[0041] In addition, the electrode layer of said lowest layer connected to said multilayer and electric 
target among the electrode layers of a layer [ two or more ] So that it may be hard to generate a smear in 
the process which grinds an opposed face with the record medium of a magnetic sensing element, and 
adjusts a direct-current-resistance value As for electrode layers other than the electrode layer of the 
lowest layer, it is desirable to use any one sort of Cr, Cu, small Au, and small Ta of specific resistance or 
two sorts or more as an ingredient, using any one sort of W, Ta, Rh, Ir, and Ru or two sorts or more as 
an ingredient. 

[0042] The effective width of recording track is measured for example, by the ftiU truck profile method. 
Hereafter, it explains, referring to drawing 27 about the fiiU truck profile method. 
[0043] Record the signal on the record medium with the recording track of the recording track width of 
face Ww broader than the component width of face of the magnetic sensing element R, a magnetic 
sensing element is made to scan crosswise [ truck ] (the direction of X) on a recording track, and the 
relation between the location of the recording track cross direction (the direction of X) of a magnetic 
sensing element and a playback output is measured. The measurement result is shown in the drawing 27 
upside. 

[0044] When the playback wave of this measurement result is seen, near the center of a recording track, 
it tums out that a playback ou^ut becomes low as a playback output becomes high and it separates from 

the center of a recording track. 

[0045] The intersection of the tangent and the X-axis in the point Pa that the playback output on a 
playback wave becomes 50% of maximum, and Point Pb is made into Point Pc and Point Pd, 
respectively. The difference of the distance A between Point Pc and Point Pd and the distance B between 
Point Pa and Point Pb (half- value width) serves as the effective width of recording track of a magnetic 
sensing element. Here, the unit of the X-axis is standardized so that it may become the half-value-width 
B= recording track width of face Ww. 
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[0046] The process at which the manufacture approach of the magnetic sensing element of this invention 
forms the multilayer which demonstrates a lower shielding layer, a lower gap layer, and a magneto- 
resistive effect on the (a) substrate, (b) The process which forms a resist layer on said multilayer, and the 
process which deletes the field which is not covered with said resist layer of the (c) aforementioned 
multilayer, (d) to the field which laps with said multilayer, and/or the both-sides field of said multilayer 
The process which forms the 1st electrode layer which consists of an electrode of the couple which 
opened predetermined spacing crosswise [ truck ] and was formed in it fi-om a predetermined include 
angle to the direction of a normal of said substrate, and removes the account resist layer of back to fi'ont, 
(e) The process which forms the resist layer for lift offs in which the slitting section was formed on said 
multilayer and said 1st electrode layer, (f) The process which forms the 2nd electrode layer from a 
predetermined include angle on said 1st electrode layer to the direction of a normal of said substrate, (g) 
It is characterized by having the process which removes the resist layer for said lift offs, the process 
which forms an up gap layer on the (h) aforementioned multilayer and the 2nd electrode layer, and the 
process which forms an up shielding layer on the (i) aforementioned up gap layer. 
[0047] Said predetermined include angle in the process of the above (f) is set up more greatly than the 
predetermined include angle in the process of the above (d), and it is desirable in the process of the 
above (f) to make thickness of the 2nd electrode layer thicker than the thickness of said 1st electrode 
layer. 

[0048] Moreover, it forms on the electrode layer of the maximum upper layer among the already formed 
two or more layers electrode layers from said multilayer, applying the resist layer for lift offs by which 
(j) slitting section was formed between the process of the above (g), and the process of (h). Still more 
nearly another electrode layer may be formed from a predetermined membrane formation include angle 
to the direction of a normal of said substrate on the electrode layer of said maximum upper layer, and the 
process which removes the account resist layer of back to front may be performed once or more. 
[0049] In addition, in the process of the above (j), it is desirable to make the membrane formation 
include angle when forming said another electrode layer larger than the membrane formation include 
angle when forming the lower layer electrode layer of said another electrode layer, and to make 
thickness of said another electrode layer thicker than the thickness of the lower layer electrode layer of 
said another electrode layer. 

[0050] Moreover, it sets between the process of the above (f), and the process of the above (g) between 
the process of the above (g), and the process of the above (h), or between the process of the above (j), 
and the process of the above (h) (k). It is desirable to have the process which forms a wrap insulating 
layer for the top face of all electrode layers other than the electrode layer of said lowest layer. 
[0051] To moreover, the field which laps with the part on the electrode layer of the lowest layer between 
the process of the above (h), and the process of the above (i) among the (1) aforementioned multilayer 
and the electrode layer formed two or more layers It is desirable to have the process which carries out 
the laminating of the resist layer for lift offs in which the slitting section was formed, and forms a wrap 
insulating layer for all the fields on electrode layers other than the electrode layer of said lowest layer 
from across on said up gap layer to said substrate. 

[0052] Since a wrap insulating layer is formed in all the fields on electrode layers other than the 
electrode layer of said lowest layer, the magnetic sensing element formed by the manufacture approach 
of a magnetic sensing element of having the process of the above (k) and/or the process of the above (1) 
can prevent more certainly the electric short circuit between said up shielding layers and said electrode 
layers in the part which influences neither the effective width of recording track nor playback pulse 
width (PW50). 

[0053] In this invention, after the process of the above (c), after forming a hard bias layer on both sides 
of said multilayer, you may have the process which forms said 1st electrode layer according to the 
process of the above (d). 

[0054] Moreover, in the process of the above (d), it is desirable to form the depth die length of the 
height direction of said 1st electrode layer for a long time than the depth die length of the height 
direction of said multilayer. 
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[0055] Moreover, in the process of the above (d), it is desirable to make the ingredient of said 1st 
electrode layer into any one sort of W, Ta, Rh, Ir, and Ru or two sorts or more, and to make the 
ingredient of electrode layers other than said 1st electrode layer into any one sort of Cr, Cu, Au, and Ta 
or two sorts or more in the process of the above (f) and (j). 

[0056] In the manufacture approach of the magnetic sensing element of above-mentioned this invention 
In addition, the inside of said two or more layers electrode layer, It is the field which laps only with the 
electrode layer of the lowest layer, or said field which laps only with the electrode layer of the lowest 
layer among the electrode layers of a layer, and can set to the field which does not lap with said 
insulating layer. When distance between said up shielding layer in the location which laps the distance 
between said up shielding layer and said lower shielding layer with the center of Gls and said multilayer, 
and said lower shielding layer is set to Glc It is desirable to set the value of said difference of Gls and 
Glc below to the value fi*om which the effective width of recording track of a magnetic sensing element 
is set to 0.17 micrometers. 

[0057] Or the range which fulfills said Gls and said value of Glc for Glc-20 nm<=Gls<=Glc+90nm, or 

said Gls and said value of Glc may be set as the range which fills 0.67 <=Gls/Glc<=2.50. 

[0058] In the range mentioned above, it is good also as Gls<Glc also as Gls=Glc also considering said 

Gls and said value of Glc as Gls>Glc. 

[0059] 

[Embodiment of the Invention] Drawing 1 is the sectional view which saw the magnetic sensing element 
of the gestah of operation of the 1st of this invention firom the opposed face side with a record medium. 
[0060] In drawing 1 , the multilayer T to which the laminating of the fi-ee magnetic layer 37 of the 
synthetic ferry free mold which consists of the substrate layer 33, the antiferromagnetism layer 34, fixed 
magnetic layer 35of ** 1st a, nonmagnetic middle class 35b, the fixed magnetic layer 35 of the synthetic 
ferry PINDO mold which consists of the 2nd fixed magnetic layer 35c, the non-magnetic material layer 
36, free magnetic layer 37of ** 2nd a, nonmagnetic middle class 37b, and 1st free magnetic layer 37c, 
and the protective layer 38 was carried out is formed. 

[0061] The lower shielding layer 31 and the lower gap layer 32 are formed on the substrate (not shown) 
by the lower layer of Multilayer T through the substrate layer (not shown) which consists of insulating 
ingredients, such as an alumina. 

[0062] The antiferromagnetism layer 34 in Multilayer T is extended in the direction of graphic display 
X, and the bias substrate layer 39 is formed of Cr, Ti, Mo, W50Mo50, etc. in contact with the top face of 
this extension section 34b, the side face of the fixed magnetic layer 35, the side face of the non-magnetic 
material layer 36, and the side face of 2nd free magnetic layer 37a. On the bias substrate layer 39, the 
hard bias layer 40 formed with the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) 
alloy, etc. is formed. 

[0063] On the hard bias layer 40, the 1st electrode layers 42 and 42 which the interlayer 41 formed by 
non-magnetic materials, such as Ta, was formed, and were formed on this interlayer 41 by any one sort 
of Cr, Au, Ta, W, Rh, Ir, and Ru or two etc. sorts or more are formed. 

[0064] The 1st electrode layers 42 and 42 consist of an electrode of the couple which opened the 
predetermined spacing Spl crosswise [ truck ], and was formed in the both-sides field of Multilayer T. 
The laminating of the 1st electrode layer 42 and the 2nd electrode layers 43 and 43 formed by Cr, Au, 
Cu, Ta, etc. on 42 is carried out. As for the 2nd electrode layers 43 and 43, spacing Sp2 of the truck 
cross direction of the electrode of a couple is enlarged from the 1st electrode layers 42 and 42. 
[0065] The up gap layer 44 is formed by the front face of Multilayer T, the front face of the 1st electrode 
layers 42 and 42, and the front face of the 2nd electrode layers 43 and 43, and the up shielding 45 is 
formed on the up gap layer 44. The up shielding layer 45 is covered with the protective layer 46 which 
consists of an inorganic insulating material. Or the INDAKU tape head for record may be formed on the 
up shielding layer 45. 

[0066] The lower shielding layer 31, the lower gap layer 32, the substrate layer 33, the 
antiferromagnetism layer 34, the fixed magnetic layer 35, the non-magnetic material layer 36, the free 
magnetic layer 37, a protective layer 38, the bias substrate layer 39, the hard bias layer 40, an interlayer 
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41, the 1st electrode layer 42, the 2nd electrode layer 43, the up gap layer 44, the up shielding layer 45, 
and a protective layer 46 are formed of thin film formation processes, such as a spatter and vacuvmi 
deposition. 

[0067] The lower shielding layer 31 and the up shielding layer 45 are formed using magnetic materials, 
such as NiFe. In addition, as for the lower shielding layer 31 and the up shielding layer 45, it is desirable 
that the easy axis has tumed to the truck cross direction (the direction of graphic display X). The lower 
shielding layer 31 and the up shielding layer 45 may be formed by electrolysis plating. 
[0068] The lower gap layer 32, the up gap layer 44, and a protective layer 46 are formed using 
nonmagnetic inorganic materials, such as aluminum 203 and Si02. 

[0069] The substrate layer 33 is formed using Ta etc. The antiferromagnetism layer 34 is a PtMn alloy 
or a X-Mn (however, X is one-sort [ any ] or two sorts or more of elements of Pd, Ir, Rh, Ru, Os, nickel, 
and Fe) alloy, or is formed with a Pt-Mn-X* (however, X* is any 1 or two or more sorts of elements of 
Pd, It, Rh, Ru, Au, Ag, Os, Cr, nickel, Ar, Ne, Xe, and Kr) alloy. 

[0070] In the condition immediately after membrane formation, although these alloys are the face 
centered cubic structures (fee) of an irregular system, they carry out a structure transformation by heat 
treatment at the face-centered square structure (fct) of a CuAuI type rule mold. 
[0071] The thickness of the antiferromagnetism layer 34 is 80-300A, for example, 200 A, in near the 
core of the truck cross direction. 

[0072] In the alloy shown here by said PtMn alloy for forming the antiferromagnetism layer 34, and the 
formula of said X-Mn, it is desirable that the range of Pt or X is 37 - 63at%. Moreover, in the alloy 
shown by said PtMn alloy and the formula of said X-Mn, it is more desirable that the range of Pt or X is 
47 - 57at%. Unless it specifies especially, the upper limit and minimum of the numerical range shown 
by - mean the above hereafter. 

[0073] Moreover, in the alloy shown by the formula of Pt-Mn-X', it is desirable that the range of X'+Pt 
is 37 - 63at%. Moreover, in flie alloy shown by the formula of said Pt-Mn-X', it is more desirable that 
the range of X'+Pt is 47 - 57at%. Furthermore, in the alloy shown by the formula of said Pt-Mn-X', it is 
desirable that the range of X' is 0.2 - 10at%. However, when X* is any one sort or two sorts or more of 
elements of Pd, Ir, Rh, Ru, Os, nickel, and Fe, as for X', it is desirable that it is the range of 0.2 - 40at%. 
[0074] The antiferromagnetism layer 34 which generates a big switched connection field can be 
obtained by using these alloys and heat-treating this. Especially, if it is a PtMn alloy, it has 48 or more 
kA/m, for example, the switched connection field which exceeds m in 64kA /, and the blocking 
temperature which loses said switched connection field can obtain 380 degrees C and the outstanding, 
very high antiferromagnetism layer 34. 

[0075] As for 1st fixed magnetic layer 35a and 2nd fixed magnetic layer 35c, it is desirable for it to be 
formed with a ferromagnetic ingredient, and to be formed with a NiFe alloy, Co, a CoFeNi alloy, a CoFe 
alloy, a CoNi alloy, etc., for example, to be formed especially of a CoFe alloy or Co. Moreover, as for 
1st fixed magnetic layer 35a and 2nd fixed magnetic layer 35c, being formed with the same ingredient is 
desirable. 

[0076] Moreover, nonmagnetic interlayer 35b is formed of a non-magnetic material, and is formed 
among Ru, Rh, Ir, Cr, Re, and Cu with one sort or these two sorts or more of alloys. Being formed 
especially of Ru is desirable. 

[0077] The non-magnetic material layer 36 is a layer in which magnetic association with the fixed 
magnetic layer 35 and the fi*ee magnetic layer 37 is prevented, and a sense current mainly flows, and it is 
desirable to be formed of the non-magnetic material which has conductivity, such as Cu, Cr, Au, and 
Ag. Being formed especially of Cu is desirable. 

[0078] the — the [ 1 free magnetic layer 37c and ] - as for 2 free magnetic layer 37a, it is desirable for it 
to be formed with a ferromagnetic ingredient, and to be formed with a NiFe alloy, Co, a CoFeNi alloy, a 
CoFe alloy, a CoNi alloy, etc., for example, to be especially formed with a NiFe alloy or a CoFe alloy, 
and a CoFeNi alloy. 

[0079] Nonmagnetic interlayer 37b is formed of a non-magnetic material, and is formed among Ru, Rh, 
Ir, Cr, Re, and Cu with one sort or these two sorts or more of alloys. Being formed especially of Ru is 
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desirable. 

[0080] A protective layer 38 is formed using Ta etc. If a substrate layer is formed using Cr, Ti, Mo, 
W50Mo50, etc. whose crystal structure is bcc (body-centered cubic lattice) structure about the bias 
substrate layer 39, the coercive force and the remanence ratio of the hard bias layer 40 will become 
large, and can enlarge a bias field. 

[0081] The multilayer T of the hard bias layer 40 and side-face 40a of the side which counters have 
coimtered only with the side face of the fixed magnetic layer 35, the side face of the non-magnetic 
material layer 36, and the side face of 2nd fi*ee magnetic layer 37a, and the side face of 1st free magnetic 
layer 37c has not countered. 

[0082] The hard bias layer 40 is magnetized in the direction of graphic display X (truck cross direction), 
and magnetization of 2nd free magnetic layer 37a is arranged in the direction of graphic display X by the 
bias field to the direction of X firom the hard bias layer 40. 

[0083] The fi-ee magnetic layer 37 is in the ferrimagnetism condition that the laminating of 2nd free 
magnetic layer 37a and 1st free magnetic layer 37c from which the magnitude of the magnetic moment 
differs is carried out through nonmagnetic interlayer 37b, and the magnetization direction of 2nd free 
magnetic layer 37a and 1st free magnetic layer 37c serves as anti-parallel. At this time, will be suitable 
of the sense and the magnetization direction of 1st free magnetic layer 37c 180 degrees at an opposite 
direction in the direction of the field which the one where the magnetic moment is larger, for example, 
the magnetization direction of 2nd free magnetic layer 37a, generates from the hard bias layer 40. 
[0084] the ~ the [ 2 free magnetic layer 37a and ] ~ if the magnetization direction of 1 free magnetic 
layer 37c will be in a ferrimagnetism condition of anti-parallel different 180 degrees, effectiveness 
equivalent to making thickness of the free magnetic layer 37 thin will be acquired, the effectual 
magnetic moment per imit area will become small, it will become easy to change magnetization of the 
free magnetic layer 37, and the field detection sensitivity of a magnetic sensing element will improve. 
[0085] The direction of the synthetic magnetic moment which added the magnetic moment of 1st free 
magnetic layer 37c and the magnetic moment of 2nd free magnetic layer 37a tums into the 
magnetization direction of the free magnetic layer 37. 

[0086] However, it is only the magnetization direction of 2nd free magnetic layer 37a which is 
contributed to an output by relation with the magnetization direction of the fixed magnetic layer 35. 
[0087] The hard bias layer 40 should just arrange one magnetization direction among 2nd free magnetic 
layer 37a which constitutes the free magnetic layer 37, and 1st free magnetic layer 37c. In drawing 1 , 
only the magnetization direction of 2nd free magnetic layer 37a is arranged. If tiie magnetization 
direction of 2nd free magnetic layer 37a is arranged in the fixed direction, 1st free magnetic layer 37c 
will be in the ferrimagnetism condition that the magnetization direction serves as anti-parallel, and the 
magnetization direction of the free magnetic layer 37 whole will be arranged in the fixed direction. 
[0088] With the gestalt of this operation, the hard bias layer 40 mainly gives the static magnetic field of 
the direction of graphic display X to 2nd free magnetic layer 37a. Therefore, it can suppress that the 
magnetization direction (the direction of graphic display X and reverse sense) of 1st fi-ee magnetic layer 
37c is disturbed by the static magnetic field of the direction of graphic display X generated from the 
hard bias layer 40. 

[0089] Moreover, in drawing 1 , that to which the laminating of 1st fixed magnetic layer 35a and 2nd 
fixed magnetic layer 35c from which the magnetic moment differs was carried out through nonmagnetic 
interlayer 35b functions as one fixed magnetic layer 35. 

[0090] By forming 1st fixed magnetic layer 35a in contact with the antiferromagnetism layer 34, and 
giving annealing in a magnetic field, the exchange anisotropy field by switched connection arises in the 
interface of 1st fixed magnetic layer 35a and the antiferromagnetism layer 34, and the magnetization 
direction of 1st fixed magnetic layer 35a is fixed in the direction of graphic display Y. When the 
magnetization direction of 1st fixed magnetic layer 35a is fixed in the direction of graphic display Y, the 
magnetization direction of 2nd fixed magnetic layer 35c which counters through nonmagnetic interlayer 
35b is fixed in the magnetization direction of said 1st fixed magnetic layer 35a, and the condition of 
anti-parallel. 
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[0091] Thus, since 1st fixed magnetic layer 35a and 2nd fixed magnetic layer 35c fix the magnetization 
direction of another side mutually and suit when the magnetization direction of 1st fixed magnetic layer 
35a and 2nd fixed magnetic layer 35c is in the ferrimagnetism condition used as anti-parallel, the 
magnetization direction of the fixed magnetic layer 35 is powerfixUy fixable in the fixed direction as a 
whole. 

[0092] In addition, the direction of the synthetic magnetic moment which added the magnetic moment of 
1st fixed magnetic layer 35a and the magnetic moment of 2nd fixed magnetic layer 35c turns into the 
magnetization direction of the fixed magnetic layer 35. 

[0093] In drawing 1 , each magnetic moment is changed by forming 1st fixed magnetic layer 35a and 
2nd fixed magnetic layer 35c using the same ingredient, and changing each thickness fiirther. 
[0094] Moreover, the anti-field (dipole field) by fixed magnetization of 1st fixed magnetic layer 35a and 
2nd fixed magnetic layer 35c is cancellable when static magnetic field association of 1st fixed magnetic 
layer 35a and 2nd fixed magnetic layer 35c negates each other mutually. Thereby, the contribution to the 
fluctuation magnetization of the free magnetic layer 37 from the anti-field (dipole field) by fixed 
magnetization of the fixed magnetic layer 35 can be decreased. 

[0095] Therefore, it becomes easier to amend the direction of fluctuation magnetization of the free 
magnetic layer 37 towards desired, and it becomes possible to obtain the spin bulb mold thin film 
magnetic cell which was excellent in symmetry with small asymmetry. 

[0096] Here, when asymmetry shows ttie asymmetric degree of a playback output wave and a playback 
output wave is given, asymmetry will become small if the wave is symmetrical Therefore, the playback 
output wave will be excellent in symmetric property, so that asymmetry approaches 0. 
[0097] Said asymmetry is set to 0 when the direction of magnetization of the free magnetic layer 37 and 
the direction of fixed magnetization of the fixed magnetic layer 35 lie at right angles. If asymmetry 
shifts greatly, reading of the information from media will become impossible to accuracy, and will cause 
an error. For this reason, the dependability of regenerative-signal processing will improve as a thing 
with said small asymmetry, and it becomes what was excellent as a spin bulb thin film magnetic cell. 
[0098] Moreover, althou^ the anti-field (dipole field) Hd by fixed magnetization of a fixed magnetic 
layer has uneven distribution that it is large and small in the center section, at the edge in the component 
height direction and single domain-ization in the free magnetic layer 37 may be barred It can prevent 
that can set the dipole field Hd to Hd=0 mostly, and a magnetic domain wall is made in the free 
magnetic layer 37 by this, the ununiformity of magnetization occurs, and a Barkhausen noise etc. occurs 
by making tiie fixed magnetic layer 35 into the above-mentioned laminated structure. 
[0099] If the middle class 41 who consists of Ta or Cr is formed between the 1st electrode layer 42 and 
the hard bias layer 40, thermal diffiision can be prevented and degradation of the magnetic properties of 
the hard bias layer 40 can be prevented. 

[0100] In using Ta as the 1st electrode layer 42, it becomes easy to make the crystal structure of Ta by 
which a laminating is carried out to the upper layer of Cr by forming the interlayer 41 of Cr into the 
body-centered cubic structure of low resistance. 

[0101] Moreover, when using Cr as the 1st electrode layer 42, by forming the interlayer 41 of Ta, Cr 
grows epitaxial and can reduce resistance. 

[0102] The magnetic sensing element shown in drawing 1 is the so-called spin bulb mold MAG sensing 
element, the magnetization direction of the fixed magnetic layer 35 is fixed in the direction parallel to 
the direction of graphic display Y proper, moreover, magnetization of the free magnetic layer 37 is 
arranged in the direction of graphic display X proper, and orthogonahty relation has magnetization of 
the fixed magnetic layer 35 and the free magnetic layer 37. And to the extemal magnetic field from a 
record medium, magnetization of the free magnetic layer 37 is changed with sufficient sensibility, 
electric resistance changes by the relation between fluctuation of this magnetization direction, and the 
fixed magnetization direction of the fixed magnetic layer 35, and the leak field from a record medium is 
detected by the electrical-potential-difference change based on this electric resistance value change. 
[0103] however, contributing to an electric resistance value change (output) directiy - the [ the 
magnetization direction of 2nd fixed magnetic layer 35c, and ] - it is the angular relation of the 
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magnetization direction of 2 free magnetic layer 37a, and it is desirable to lie at right angles in the 
condition that the condition and signal field which the detection current is energizing [ such angular 
relation ] are not impressed. 

[0104] With the gestalt of this operation, the 1st electrode layers 42 and 42 and the 2nd electrode layers 
43 and 43 form the polar zone of two-layer structure. The 1st electrode layers 42 and 42 are electrode 
layers of the lowest layer in this invention. 

[0105] With the gestalt of this operation, moreover, the inside of the 1st electrode layers 42 and 42 and 
the 2nd electrode layers 43 and 43, The distance between the up shielding layer 45 in the fields S and S 
which lap only with the 1st electrode layers 42 and 42 of the lowest layer, and the lower shielding layer 
31 Gls, When distance between the up shielding layer 45 in the location which laps with the center C of 
Multilayer T, and the lower shielding layer 3 1 is set to Glc, the value of said difference of Gls and Glc is 
set up so that it may become below the value from which effective width-of-recording-track E-Tw of a 
magnetic sensing element is set to 0.17 micrometers. Effective width-of-recording-track E-Tw was the 
width of recording track on the parenchyma of the magnetic sensing element measured by the fiiU truck 
profile method, the micro truck profile method, etc. which were mentioned above, and generally, when 
optical width-of-recording-track 0-Tw was set to 0.2 micrometers or less, there was an inclination used 
as E-Tw>0-Tw. In addition, the distance Glc between the up shielding layer 45 in the location which 
laps with the center C of Multilayer T, and the lower shielding layer 3 1 is the so-called gap length. 
[0106] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0107] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=l .50 still more preferably. 

[0108] Drawing 1 is said Gls mentioned above and said range of the value of Glc, and makes said Gls 
and said value of Glc Gls>Glc. That is, the top face of the 1st electrode layer 42 is more nearly up (the 
direction of graphic display Y) than the front face of Multilayer T. 

[0109] Since the 1st electrode layers 42 and 42 are adjoined and formed in the both sides of Multilayer 
T, the distance Gls between the up shielding layer 45 in the field S which laps only with the 1st 
electrode layers 42 and 42, and the lower shielding layer 31 will be called the distance between the up 
shielding layer [ / near the both sides of Multilayer T ] 45, and the lower shielding layer 31. 
[0110] If the distance between the up shielding layer [ / near the both sides of Multilayer T ] 45 and the 
lower shielding layer 31 becomes large, it will pass along between the up shielding layer 45 and the 
lower shielding layers 31, the field from the record medium generated from the recording track of the 
both sides of the recording track for detection will become easy to invade into a magnetic sensing 
element, and effective width-of-recording-track E-Tw will become large. That is, it becomes easy to 
generate the cross talk between recording tracks. 

[01 1 1] If the value of said difference of Gls and Glc actually becomes large so that it may mention later, 
effective width-of-recording-track E-Tw of a magnetic sensing element will also become large. 
[0112] With the gestalt of this operation, by making the value of said difference of Gls and Glc below 
into a predetemiined value, it can suppress that the distance between the up shielding layer [ / near the 
both sides of Multilayer T ] 45 and the lower shielding layer 31 becomes large, and effective width-of- 
recording-track E-Tw can be made small. 

[01 13] However, if distance between the up shielding layer [ / near the both sides of Multilayer T ] 45 
and the lower shielding layer 31 is made small, it will be prepared in the both sides of Multilayer T, it 
will be necessary to make thin thickness of the 1st electrode layer 42 which suppUes a direct current to 
Multilayer T, and, as a resuh, the direct-current-resistance value of a magnetic sensing element will 
become large. 

[01 14] With the gestalt of this operation, the polar zone L is used as the thin 1st electrode layer 
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monolayer [ near the multilayer T ], and thickness of the polar zone L which is separated from 
Multilayer T is enlarged by carrying out the laminating of the 2nd electrode layer on the 1st electrode 
layer. 

[0115] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of Multilayer T ] 45, 
and the lower shielding layer 3 1 . 

[0116] Moreover, [ near the multilayer T ], since the 1st electrode layer 42 can be formed thinly, the 
level difference D formed of the front face of Multilayer T and side- face 42a of the 1st electrode layer 

42 can be made low. Therefore, even if it makes thickness of the up gap layer 44 small, the up gap layer 
44 can be certainly formed on this level difference D. Namely, the electric short circuit between the up 
shielding layer 45 and the polar zone L can be more certainly prevented now. 

[01 17] In addition, the include angle theta 1 which a flat surface parallel to a multilayer T front face and 
the tangential plane of the front end edge of the 2nd electrode layer 43 make is smaller than the include 
angle theta 2 which a flat surface parallel to a multilayer T front face and the tangential plane of the 
front end edge of the 1st electrode layer 42 make. Moreover, the thickness t2 of the 2nd electrode layer 

43 is thicker than the thickness tl of the 1st electrode layer 42. 

[01 18] Drawing 2 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 2nd of this invention from the opposed face side with a record medium. 
[0119] That this magnetic sensing element differs from the magnetic sensing element of the gestalt of 
the 1st operation is only the point that the wrap insulating layers 50 and 50 are formed in the part on the 
1st electrode layer 42 which is an electrode layer of the lowest layer, and 42, and all the fields on the 
2nd electrode layer 43 and 43. 

[0120] With the gestalt of this operation, since insulating layers 50 and 50 are formed, the electric short 
circuit between the up shielding layer 45 and polar zone L and L can be prevented more certainly. 
[0121] With the gestaU of this operation, the inside of the 1st electrode layers 42 and 42 and the 2nd 
electrode layers 43 and 43, Are the field which laps only with the 1st electrode layers 42 and 42, and the 
distance between the up shielding layer 45 in the field which does not lap with insulating layers 50 and 
50, and the lower shielding layer 31 Gls, When distance between the up shielding layer 45 in the 
location which laps with the center C of Multilayer T, and the lower shielding layer 31 is set to Glc, it 
has set below to the value from which the effective width of recording track of a magnetic sensing 
element is set to 0.17 micrometers in said value of the difference of Glc with said Gls. Effective width- 
of-recording-track E-Tw is the width of recording track on the parenchyma of the magnetic sensing 
element measured by the fixU truck profile method, the micro truck profile method, etc. which were 
mentioned above, and when optical width-of-recording-track 0-Tw is generally set to 0.2 micrometers 
or less, there is an inclination used as E-Tw>0-Tw. 

[0122] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0123] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=1.50 still more preferably. 

[0124] Also with the gestalt of this operation, by making the value of said difference of Gls and Glc 
below into a predetermined value, it can suppress that the distance between the up shielding layer [ / 
near the both sides of Multilayer T ] 45 and the lower shielding layer 31 becomes large, and effective 
width-of-recording-track E-Tw can be made small. 

[0125] Moreover, also with the gestalt of this operation, the polar zone L is used as the thin 1st electrode 
layer monolayer [ near the multilayer T ], and thickness of the polar zone L which is separated from 
Multilayer T is enlarged by carrying out the laminating of the 2nd electrode layer on the 1st electrode 
layer. 
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[0126] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of Multilayer T ] 45, 
and the lower shielding layer 31. 

[0127] Moreover, [ near the multilayer T ], since the 1st electrode layer 42 can be formed thinly, the 
level difference D formed of the front face of Multilayer T and side-face 42a of the 1st electrode layer 
42 can be made low. Therefore, even if it makes thickness of the up gap layer 44 small, the up gap layer 
44 can be certainly formed on this level difference D. Namely, the electric short circuit between the up 
shielding layer 45 and the polar zone L can be more certainly prevented now. 
[0128] Drawing 3 , drawing 4 , and drawing 5 are the sectional views which saw the 3rd of this 
invention, the 4th, and the magnetic sensing element of the gestalt of the 5th operation from the opposed 
face side with a record medium, respectively. 

[0129] The difference between the magnetic sensing element of drawing 3 and the magnetic sensing 
element of drawing 2 is only the point of making said Gls and said value of Glc into Gls=Glc by 
drawing 3 to considering as Gls>Glc, in drawing 2 . That is, in drawing 3 , the height location (the 
location of the direction of graphic display Y; location of a trailing side direction) of top-face 42b of the 
1st electrode layer 42 and the front face Tl of Multilayer T which is the electrode layer of the lowest 
layer is equal. 

[0130] The difference between the magnetic sensing element of drawing 4 and the magnetic sensing 
element of drawing 2 is only the point of making said Gls and said value of Glc into Gls<Glc by 
drawing 4 to considering as Gls>Glc, in drawing 2 . That is, in drawing 4 , there is top-face 42b of the 
1st electrode layer 42 which is an electrode layer of the lowest layer more below (graphic display Y 
opposite direction) than the front face Tl of Multilayer T. 

[0131] The 1st electrode layers 42 and 42 in the magnetic sensing element of drawing 2 are not formed 
in the magnetic sensing element of drawing 5 . In the magnetic sensing element of drawing 5 , die hard 
bias layers 40 and 40 serve as the electrode layer of the lowest layer in this invention, and the laminating 
of the hard bias layer 40 and the 2nd electrode layers 43 and 43 formed by Cr, Au, Ta, W, Rh, Ir, Ru, 
Cu, etc. on 40 is carried out. As for the 2nd electrode layers 43 and 43, spacing of the truck cross 
direction of the electrode of a couple is enlarged from the hard bias layers 40 and 40. 
[0132] The up gap layer 44 is formed by the front face of Multilayer T, an interlayer's 41 front face, and 
the front face of the 2nd electrode layers 43 and 43. Furthermore, the wrap insulating layers 50 and 50 
are formed in the part on the hard bias layer 40 which is an electrode layer of the lowest layer, and 40, 
and all the fields on the 2nd electrode layer 43 and 43. The up shielding layer 45 is formed on the up gap 
layer 44 and an insulating layer 50, and 50. 

[0133] In addition, the hard bias layers 40 and 40 and the 2nd electrode layers 43 and 43 are polar zone 
L. 

[0134] In addition, in the magnetic sensing element of the gestalt of operation shown in drawing 5 from 
drawing 1 , ridge 34a is formed in a part for the center section of the antiferromagnetism layer 34, and 
the extension sections 34b and 34b prolonged for a long time are formed crosswise [ truck ] from the 
end face of the both-sides end face in the truck cross direction (the direction of graphic display X) of 
ridge 34a. 

[0135] Extension section 34b is formed in the antiferromagnetism layer 34, it has sufficient volume for 
the both-sides end face of the free magnetic layer 37, and said hard bias layers 40 and 40 can be made to 
counter on this extension section 34b with the structiu-e which carries out tiie laminating of the hard bias 
layers 40 and 40 through the bias substrate layers 39 and 39. 

[0136] However, as shown in drawing 6 , extension section 34b does not need to be formed in the 
antiferromagnetism layer 34. Moreover, in drawing 6 , it is good also as structxire where the substrate 
layer 33 is formed only in contact with the underside of the antiferromagnetism layer 34, and the bias 
substrate layer 39 touches the lower gap layer 32 directly. 

[0137] Moreover, in the magnetic sensing element of the gestalt of operation shown in drawing 6 from 
drawing 1 , side-face 40a of the multilayer T of the hard bias layer 40 and the pair opposite side has 
countered only with the side face of the fixed magnetic layer 35, the side face of the non-magnetic 
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material layer 36, and the side face of 2nd free magnetic layer 37a, and the side face of 1st free magnetic 
layer 37c has not countered. However, as shown in drawing 7 , side-face 40a of the hard bias layer 40 
may counter with the side face of the side face of the fixed magnetic layer 35, the side face of the non- 
magnetic material layer 36, 2nd free magnetic layer 37a, nonmagnetic interlayer 37b, and 1st free 
magnetic layer 37c. 

[0138] Drawing 8 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 8th of this invention from the opposed face side with a record medium. 
[0139] The magnetic sensing element of the gestalt of operation shown in drawing 8 differs from the 
magnetic sensing element of the gestalt of operation of drawing 2 in that the 1st electrode layer 42 is 
extended and formed even on the insensible fields d and d of Multilayer T. 

[0140] Magnetization of the free magnetic layer 37 is arranged in the direction of graphic display X by 
the bias field to the direction of X from the hard bias layers 40 and 40. 

[0141] By the way, as shown in drawing 8 , the field located in the center of Multilayer T is the 
sensibility field E, and the both sides are insensible fields d and d. 

[0142] In the sensibiHty field E, magnetization of the fixed magnetic layer 35 is fixed to a graphic 
display Z direction proper, moreover, magnetization of the free magnetic layer 37 is arranged in the 
direction of graphic display X proper, and orthogonality relation has magnetization of the fixed 
magnetic layer 35 and the free magnetic layer 37. And to the extemal magnetic field from a record 
medium, magnetization of the free magnetic layer 37 is changed with sufficient sensibility, electric 
resistance changes by the relation between fluctuation of this magnetization direction, and the fixed 
magnetization direction of the fixed magnetic layer 35, and the leak field from a record medium is 
detected by the electrical-potential-difference change based on this electric resistance value change. 
[0143] That is, the sensibility field E of Multilayer T is a part in which a magneto-resistive effect is 
demonstrated substantially, and a regenerative fimction commits it good in this part. 
[0144] On the other hand, in the insensible fields d and d located in the both sides of the sensibility field 
E, magnetization of the fixed magnetic layer 35 and the free magnetic layer 37 is strongly influenced 
[ of magnetization ] from the hard bias layers 40 and 40, and magnetization of the free magnetic layer 37 
has stopped being able to change easily to the extemal magnetic field. That is, insensible fields d and d 
have a weak magneto-resistive effect, and are fields to which the regenerative ftmction fell. 
[0145] In drawing 8 , the 1st electrode layer 42 is extended and formed even on the insensible fields d 
and d of Multilayer T. The sense current from polar zone L and L stops easily being able to flow in the 
hard bias layers 40 and 40 by this. By being able to make [ many ] the rate of passing said sense current 
to the direct multilayer T, without minding the hard bias layers 40 and 40, and moreover extending and 
forming the 1st electrode layers 42 and 42 even on insensible fields d and d Since the plane-of- 
composition product of Multilayer T and the 1st electrode layers 42 and 42 also becomes large, a direct- 
current-resistance value (DCR) can be lowered, and it is possible to raise reproducing characteristics. 
[0146] Moreover, if the 1st electrode layers 42 and 42 are extended and formed on insensible fields d 
and d, it can suppress a sense current flowing into insensible fields d and d, and generating a noise. 
[0147] Drawing 9 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 9th of this invention from the opposed face side with a record medium. 
[0148] In the magnetic sensing element shown in drawing 9 , the bias substrate layers 39 and 39 are 
formed only on extension section 34b of the antiferromagnetism layer 34. Therefore, as for the hard bias 
layers 40 and 40, the side faces 40a and 40a by the side of Multilayer T are directly in contact with the 
side face of 2nd free magnetic layer 37a. Then, the hard bias layers 40 and 40 and 2nd free magnetic 
layer 37a become a continuum magnetically, it can prevent an anti-field occurring in the side edge 
section of 2nd free magnetic layer 37a, and stability increases. 

[0149] If it is not formed on the side face of 2nd free magnetic layer 37a and 1st free magnetic layer 37c 
even when the bias substrate layers 39 and 39 are formed on the side face of Multilayer T, the side face 
of the hard bias layers 40 and 40 and 2nd free magnetic layer 37a is contacted directly. 
[0150] or even when the bias substrate layers 39 and 39 are formed between the hard bias layers 40 and 
40 and 2nd free magnetic layer 37a If the thickness of the hard bias layers 40 and 40 and the bias 
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substrate layers 39 and 39 between 2nd free magnetic layer 37a is Inm or less Through the pinhole 
produced in the bias substrate layers 39 and 39, the hard bias layers 40 and 40 and 2nd free magnetic 
layer 37a become a continuum magnetically, it can prevent an anti-field occurring in the side edge 
section of 2nd free magnetic layer 37a, and stability increases. 

[0151] Also by drawing 3 thru/or the magnetic sensing element of drawing 9 , the electrode layer (the 
1st electrode layers 42 and 42 or hard bias layers 40 and 40) of the lowest layer, It is the field which laps 
only with the electrode layer of the lowest layer among the 2nd electrode layers 43 and 43. The distance 
between the up shielding layer 45 in the fields SI and SI which do not lap with insulating layers 50 and 
50, and the lower shielding layer 31 Gls, When distance between the up shielding layer 45 in the 
location which laps with the center C of Multilayer T, and the lower shielding layer 31 is set to Glc, it 
has set below to the value from which effective width-of-recording-track E-Tw of a magnetic sensing 
element is set to 0.17 micrometers in said value of the difference of Glc with said Gls. With effective 
width-of-recording-track E-Tw, it measures by the fiiU tmck profile method and the micro truck profile 
method which were mentioned above. 

[0152] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=GlcH-30nm still more preferably. 

[0153] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=1.50 still more preferably. 

[0154] Also with the gestalt of operation shown in drawing 3 thru/or drawing 9 , by making the value of 
said difference of Gls and Glc below into a predetermined value, it can suppress that the distance 
between the up shielding layer [ / near the both sides of Multilayer T ] 45 and the lower shielding layer 
31 becomes large, and effective width-of-recording-track E-Tw can be made small. 
[0155] Moreover, also with the gestalt of this operation, the polar zone L is used as the thin 1st electrode 
layer or a hard bias layer monolayer [ near the multilayer T ], and thickness of the polar zone L which is 
separated from Muhilayer T is enlarged by carrying out the laminating of the 2nd electrode layer on the 
1st electrode layer or a hard bias layer. 

[0156] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of Multilayer T ] 45, 
and the lower shielding layer 3 1 . 

[0157] With the gestalt of operation of drawing 1 thru/or drawing 9 , the free magnetic layer 37 is 
single-domain-ized using the hard bias layers 40 and 40 which consist of a ferromagnetic high 
ingredient of the capacity to arrange the magnetization direction of the free magnetic layer 37 in the 
fixed direction. 

[0158] Generally, if a hard bias layer is used, the level difference which must stop having to form said 
polar zone in the location which laps with this hard bias layer, and is formed of the front face of said 
multilayer and the side face of said polar zone will become high, and an up gap layer will become that it 
is hard to be formed certainly. 

[0159] In this invention, since the polar zone L can be formed thinly [ near the multilayer T ], the level 

difference D formed of the front face of Multilayer T and the side face of the polar zone L can be made 

low, and the up gap layer 44 can be certainly formed on this level difference D. Namely, the electric 

short circuit between the up shielding layer 44 and the polar zone L can be more certainly prevented 

now. In addition, even if it does not necessarily make said Gls and said value of Glc below into the 

above-mentioned predetermined value, the effectiveness that the electric short circuit between the up 

shielding layer 44 and the polar zone L can be prevented more certainly is acquired. 

[0160] Drawing 10 is the sectional view which saw the magnetic sensing element of the gestalt of 

operation of the 10th of this invention from the opposed face side with a record medium, 

[0161] The magnetic sensing element shown in drawing 10 is made into reverse in the sequence of the 
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laminating of the multilayer T of the magnetic sensing element which a multilayer T2 shows to drawing 
1 thru/or drawing 9 . that is, - drawing 10 - the substrate layer 33 top - the - the [ 1 free magnetic 
layer 37c, nonmagnetic middle class 37b, and ] — the laminating of the free magnetic layer 37 of the 
synthetic ferry free mold which consists of 2 free magnetic layer 37a, the non-magnetic material layer 
36, fixed magnetic layer 35of ** 2nd c, nonmagnetic middle class 35b, the fixed magnetic layer 35 of 
the synthetic ferry PINDO mold which consists of the 1st fixed magnetic layer 35a, the 
antiferromagnetism layer 34, and the protective layer 38 is carried out continuously. 
[0162] In this example, 1st free magnetic layer 37c of a multilayer T2 is caudad formed rather than the 
antiferromagnetism layer 34, and adjoins the thick part of the thickness of the hard bias layers 61 and 61, 
therefore magnetization of the free magnetic layer 37 is easily arranged in the direction of X. Thereby, 
generating of a Barkhausen noise can be reduced. 

[0163] In contact with the top face of the substrate layer 33, and the side face of 2nd free magnetic layer 
37a, the bias substrate layer 60 is formed of Cr etc. On the bias substrate layer 60, the hard bias layer 61 
formed with the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc. is 
formed. 

[0164] On the hard bias layer 61, the 1st electrode layers 63 and 63 which the interlay er 62 formed by 
non-magnetic materials, such as Ta, was formed, and were formed by Cr, Au, Ta, W, Rh, Ir, Ru, Cu, etc. 

on this interlayer 62 are formed. 

[0165] The 1st electrode layers 63 and 63 consist of an electrode of the couple which opened 
predetermined spacing crosswise [ truck ] and was formed in the both-sides field of a multilayer T2. The 
laminating of the 1st electrode layer 63 and the 2nd electrode layers 64 and 64 formed by Cr, Au, Ta, 
Cu, Rh, Ir, Ru, W, etc. on 63 is carried out. As for the 2nd electrode layers 64 and 64, spacing of the 
truck cross direction of the electrode of a couple is enlarged from the 1st electrode layers 63 and 63. 
[0166] The up gap layer 44 is formed by the front face of a multilayer T2, the front face of the 1st 
electrode layers 63 and 63, and the front face of the 2nd electrode layers 64 and 64, and the up shielding 
layer 45 is formed on the up gap layer 44. The up shielding layer 45 is covered with the protective layer 
46 which consists of an inorganic insulating material. 

[0167] The hard bias layer 61 should just arrange one magnetization direction among 2nd free magnetic 
layer 37a which constitutes the free magnetic layer 37, and 1st free magnetic layer 37c. In drawing 10 , 
side-face 61a of the hard bias layer 61 has countered only the side face of 1st free magnetic layer 37c, 
and has arranged only the magnetization direction of 1st free magnetic layer 37c. If the magnetization 
direction of 1st free magnetic layer 37c is arranged in the fixed direction, 2nd free magnetic layer 37a 
will be in the ferrimagnetism condition that the magnetization direction serves as anti-parallel, and the 
magnetization direction of the free magnetic layer 37 whole will be arranged in the fixed direction. 
[0168] With the gestalt of this operation, the hard bias layer 61 mainly gives the static magnetic field of 
the direction of graphic display X to 1st free magnetic layer 37c. Therefore, it can suppress that the 
magnetization direction (the direction of graphic display X and reverse sense) of 2nd free magnetic layer 
37a is disturbed by the static magnetic field of the direction of graphic display X generated from the 
hard bias layer 61. 

[0169] Also by the magnetic sensing element of drawing 10 , the electrode layer (the 1st electrode layers 
63 and 63) of the lowest layer. It is the field which laps only with the electrode layer of the lowest layer 
among the 2nd electrode layers 64 and 64. The distance between the up shielding layer 45 in the fields 
SI and SI which do not lap with insulating layers 50 and 50, and the lower shielding layer 3 1 Gls, When 
distance between the up shielding layer 45 in the location which laps with the center C of a multilayer 
T2, and the lower shielding layer 31 is set to Glc, it has set below to the value from which the effective 
width of recording track of a magnetic sensing element is set to 0.17 micrometers in said value of the 
difference of Glc with said Gls. With effective width-of-recording-track E-Tw, it measures by the fiiU 
truck profile method or the micro truck profile method mentioned above. 

[0170] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
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fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0171] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=1.50 still more preferably. 

[0172] Also with the gestalt of operation shown in drawing 10 , by making the value of said difference 
of Gls and Glc below into a predetermined value, it can suppress that the distance between the up 
shielding layer [ / near the both sides of a multilayer T2 ] 45 and the lower shielding layer 31 becomes 
large, and effective width-of-recording-track E-Tw can be made small. 

[0173] Moreover, also with the gestalt of this operation, the polar zone L is used as the thin 1st electrode 
layer or a hard bias layer monolayer in about multilayer T2, and thickness of the polar zone L which is 
separated firom a multilayer T2 is enlarged by carrying out the laminating of the 2nd electrode layer on 
the 1st electrode layer or a hard bias layer. 

[0174] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of a multilayer T2 ] 
45, and the lower shielding layer 31. 

[0175] Moreover, in about multilayer T2, since the 1st electrode layer 42 or the hard bias layer 40 can be 
formed thinly, the level difference D formed of the front face of a multilayer T2 and side-face 42a of the 
1st electrode layer 42 can be made low. Therefore, even if it makes thickness of the up gap layer 44 
small, the up gap layer 44 can be certainly formed on this level difference D. Namely, the electric short 
circuit between the up shielding layer 45 and the polar zone L can be more certainly prevented now. 
[0176] Drawing 1 1 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 1 1th of this invention fi"om the opposed face side v^th a record medium. 
[0177] This spin bulb mold thin film centers on the non-magnetic material layer 106. the ~ up and down 
~ the - the [ the 1 firee magnetic layer 105 and ] - the 2 fi-ee magnetic layer 107, the nonmagnetic 
conductive layer 104,108, the 1st fixed magnetic layer 103, the 3rd fixed magnetic layer 109, the non- 
magnetic material layer 102,1 10, the 2nd fixed magnetic layer 101, the 4th fixed magnetic layer 111, 
and the antiferromagnetism layer 100,1 12 were formed ~ It is possible to obtain a playback output 
higher than the spin bulb mold thin film (called a single spin bulb mold thin film) which it is called the 
so-called dual spin bulb mold thin film, and is shown in drawing 1 thru/or drawing 10 , In addition, the 
layer by which the layer currently formed in the bottom is formed most in the upside in the substrate 
layer 33 is a protective layer 38, and multilayer T3 is constituted fi-om a substrate layer 33 by the layered 
product to a protective layer 38. 

[0178] In this invention, the antiferromagnetism layer 100,1 12 is formed with the Pt-Mn (platinum- 
manganese) alloy fihn. Or it replaces with said Pt-Mn alloy, and it is X-Mn (however, X is any one sort 
or two sorts or more of elements of Pd, Ir, Rh, and Ru), or may be formed by Pt-Mn-X* (however, X' is 
any one sort or two sorts or more of elements of Pd, Ir, Rh, Ru, Au, and Ag). 

[0179] the [ said ] - the [ the 1 free magnetic layer 105 and / said ] — the 2 free magnetic layer 107, said 
1st fixed magnetic layer 103, said 2nd fixed magnetic layer 101, said 3rd fixed magnetic layer 109, and 
said 4th fixed magnetic layer 1 1 1 are formed with a nickel-Fe (nickel-iron) alloy, Co (cobalt), the Co-Fe 
(cobalt-iron) alloy, the Co-Fe-nickel alloy, etc., and said nonmagnetic conductive layer 104,108 is 
formed with the nonmagnetic electrical conducting material with low electric resistance, such as Cu 
(copper). 

[0180] From on the substrate layer 33, it applies to the side face of the 2nd fixed magnetic layer 101, the 
non-magnetic material layer 102, the 1st fixed magnetic layer 103, the nonmagnetic conductive layer 
104, and the 1st free magnetic layer 105, the bias substrate layer 1 13,113 used as the buffer fihn and 
orientation film which were formed by Cr etc. is formed, and the bias field generated from the hard bias 
layer 1 14,1 14 later mentioned by formation of this bias substrate layer 1 13,1 13 can be increased. 
[0181] Furthermore on the bias substrate layer 1 13,1 13, the hard bias layer 1 14,1 14 formed with the Co- 
Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc. is formed. 
[0182] Moreover, on said hard bias layer 1 14,1 14, the 1st electrode layer 1 16,1 16 which the interlayer 
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11 5,1 15 formed by non-magnetic materials, such as Ta, was fomied, and was foraied by Cr, Au, Ta, W, 
Rh, It, Ru, Cu, etc, on this interlayer 1 15,1 15 is fomied. 

[0183] The 1st electrode layer 1 16,1 16 consists of an electrode of the couple which opened 
predetermined spacing crosswise [ truck ] and was formed in the both-sides field of multilayer T3. The 
laminating of the 2nd electrode layer 1 17,1 17 formed by Cr, Au, Cu, Ta, Rh, Ir, Ru, W, etc. on the 1st 
electrode layer 1 16,1 16 is carried out. As for the 2nd electrode layer 1 17,1 17, spacing of the truck cross 
direction of the electrode of a couple is enlarged from the 1st electrode layer 1 16,1 16 electrode layer. 
[0184] The up gap layer 44 is formed by the front face of multilayer T3, the front face of the 1st 
electrode layer 1 16,1 16, and the front face of the 2nd electrode layer 1 17,1 17, and the up shielding layer 
45 is formed on the up gap layer 44. The up shielding layer 45 is covered with the protective layer 46 
which consists of an inorganic insulating material. 

[0185] Moreover, in drawing 1 1 , that to which the laminating of said 1st fixed magnetic layer 103 from 
which the magnetic moment differs, and said 2nd fixed magnetic layer 101 was carried out through said 
non-magnetic material layer 102 fimctions as one fixed magnetic layer PI. Moreover, that to which the 
laminating of said 3rd fixed magnetic layer 109 from which the magnetic moment differs, and said 4th 
fixed magnetic layer 1 1 1 was carried out through said non-magnetic material layer 110 functions as one 
fixed magnetic layer P2. 

[0186] The magnetization direction of said 1st fixed magnetic layer 103 and said 2nd fixed magnetic 
layer 101 is in a ferrimagnetism condition of anti-parallel different 180 degrees, and since said 1st fixed 
magnetic layer 103 and said 2nd fixed magnetic layer 101 fix the magnetization direction of another side 
mutually and suit, it can stabilize the magnetization direction of the fixed magnetic layer PI in the fixed 
direction as a whole. 

[0187] In drawing 1 1 , each magnetic moment is changed by forming said 1st fixed magnetic layer 103 
and said 2nd fixed magnetic layer 101 using the same ingredient, and changing each thickness further. 
[0188] Moreover, it is in a ferrimagnetism condition of anti-parallel different 180 degrees, and the 
magnetization direction of said 3rd fixed magnetic layer 109 and said 4th fixed magnetic layer 111 also 
fixes the magnetization direction of another side mutually, and said its 3rd fixed magnetic layer 109 and 
said 4th fixed magnetic layer 111 suit. 

[0189] In addition, said non-magnetic material layers 102 and 1 10 are formed with one sort or two sorts 
or more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. 

[0190] Said 2nd fixed magnetic layer 101 and the 4th fixed magnetic layer 1 1 1 are formed in contact 
with the antiferromagnetism layers 100 and 112, respectively, and the exchange anisotropy field by 
switched connection produces them by giving annealing in a magnetic field in an interface with said 4th 
fixed magnetic layer 111 and the antiferromagnetism layer 1 12 in an interface list with said 2nd fixed 
magnetic layer 101 and the antiferromagnetism layer 100. 

[0191] The magnetization direction of said 2nd fixed magnetic layer 101 is fixed to a graphic display Z 
direction. When the magnetization direction of said 2nd fixed magnetic layer 101 is fixed in the 
direction of graphic display Y, the magnetization direction of the 1st fixed magnetic layer 103 which 
counters through said non-magnetic material layer 102 is fixed in the magnetization direction of said 
2nd fixed magnetic layer 101, and the condition of anti-parallel. In addition, the direction of the 
synthetic magnetic moment which added the magnetic moment of said 2nd fixed magnetic layer 101 and 
the magnetic moment of said 1st fixed magnetic layer 103 turns into the magnetization direction of said 
fixed magnetic layer PI. 

[0192] When the magnetization direction of said 2nd fixed magnetic layer 101 is fixed to a graphic 
display Z direction, as for the magnetization direction of said 4th fixed magnetic layer 1 1 1, it is 
desirable to be fixed to a graphic display Z direction and an anti-parallel direction. At this time, the 
magnetization direction of the 3rd fixed magnetic layer 109 which counters through said non-magnetic 
material layer 1 10 is fixed to the magnetization direction and the anti-parallel direction of said 4th fixed 
magnetic layer 111, i.e., a Z direction. In addition, the direction of the synthetic magnetic moment which 
added the magnetic moment of said 4th fixed magnetic layer 1 1 1 and the magnetic moment of said 3rd 
fixed magnetic layer 109 turns into the magnetization direction of said fixed magnetic layer P2. 
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[0193] the [ then, / said ] - the [ the 1 free magnetic layer 105, said non-magnetic material layer 106, 
and / said ] - the magnetization direction of said 1st fixed magnetic layer 103 which counters through 
the 2 free magnetic layer 107, and said 3rd fixed magnetic layer 109 will be in an anti-parallel condition 
mutually different 180 degrees. 

[0194] in drawing 1 1 , it mentions later - as - the free magnetic layer F - the [ said ] - the [ the 1 free 
magnetic layer 105 and / said ] - the 2 free magnetic layer 107 forms as that by which the laminating 
was carried out through said non-magnetic material layer 106 ~ having - the [ said ] ~ the [ the 1 free 
magnetic layer 105 and / said ] — the magnetization direction of the 2 free magnetic layer 107 — anti- — 
it is in the ferrimagnetism condition which becomes parallel. 

[0195] Said 1st free magnetic layer 105 and said 2nd free magnetic layer 107 change the magnetization 
direction in response to the effect of an external magnetic field, with a ferrimagnetism condition 
maintained. If tiie magnetization direction of said 1st fixed magnetic layer 103 and said 3rd fixed 
magnetic layer 109 is in an anti-parallel condition mutually different 180 degrees at this time, the phase 
of resistance change [ magnetic layer / for a management / the resistance rate of change and the free 
magnetic layer F ] of a lower layer part will become equal from the free magnetic layer F. 
[0196] Furthermore, it is desirable that the magnetization direction of said fixed magnetic layer PI and 
the magnetization direction of said fixed magnetic layer P2 are anti-parallel directions. 
[0197] For example, the magnetization direction makes larger than the magnitude of the magnetic 
moment of said 1st fixed magnetic layer 103 magnitude of the magnetic moment of said 2nd fixed 
magnetic layer 101 currently fixed to the graphic display Z direction, and makes the magnetization 
direction of the fixed magnetic layer PI a graphic display Z direction. On the other hand, the 
magnetization direction makes smaller than the magnitude of the magnetic moment of said 4th fixed 
magnetic layer 111 magnitude of the magnetic moment of said 3rd fixed magnetic layer 109 currently 
fixed to the graphic display Z direction, and makes the magnetization direction of the fixed magnetic 
layer P2 a graphic display Z direction and an anti-parallel direction. 

[0198] Then, the direction of the sense current field generated when a sense current is passed to the 
direction of graphic display X and the reverse sense, the magnetization direction of the fixed magnetic 
layer PI, and the magnetization direction of the fixed magnetic layer P2 are in agreement, and the 
ferrimagnetism condition of said 1st fixed magnetic layer 103 and said 2nd fixed magnetic layer 101 and 
the ferrimagnetism condition of said 3rd fixed magnetic layer 109 and said 4th fixed magnetic layer 111 
are stabilized. 

[0199] Moreover, said 1st free magnetic layer 105 and said 2nd free magnetic layer 107 are formed so 
that each magnetic moments may differ, here ~ the [ said ] — the [ the 1 free magnetic layer 105 and / 
said ] - forming the 2 free magnetic layer 107 using the same ingredient, and changing each thickness 
fiirther ~ the [ said ] - the [ the 1 free magnetic layer 105 and / said ] - the magnetic moment of the 2 
free magnetic layer 107 is changed. 

[0200] Furthermore, the non-magnetic material layer 102,106,1 10 is formed with one sort or two sorts 
or more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. 

[0201] drawing 11 — the [ said ] — the [ the 1 free magnetic layer 105 and / said ] — that to which the 
laminating of the 2 free magnetic layer 107 was carried out through said non-magnetic material layer 
106 fimctions as one free magnetic layer F. 

[0202] the [ said ] — the [ the 1 free magnetic layer 105 and / said ] ~ the magnetization direction of the 
2 free magnetic layer 107 — anti- — it is in the ferrimagnetism condition which becomes parallel, and 
effectiveness equivalent to making thickness of the free magnetic layer F thin obtains ~ having - the 
effectual magnetic moment per unit area of the whole free magnetic layer F - small - becoming - 
magnetization - changing - being easy - the field detection sensitivity of a magneto-resistive effect 
component improves. 

[0203] The direction of the synthetic magnetic moment which added the magnetic moment of said 1st 
free magnetic layer 105 and the magnetic moment of said 2nd free magnetic layer 107 tums into the 
magnetization direction of said free magnetic layer F. 

[0204] Said hard bias layer 1 14,1 14 is magnetized in the direction of graphic display X (truck cross 
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direction), and the magnetization direction of said free magnetic layer F has become in the direction of 
graphic display X by the bias field to the direction of X from said hard bias layer 1 14,1 14. 
[0205] In said sensibihty field E, the magnetization direction of the fixed magnetic layers PI and P2 is 
fixed to a graphic display Z direction, or Z and an opposite direction proper, moreover, magnetization of 
the free magnetic layer F is arranged in the direction of graphic display X proper, and orthogonality 
relation has magnetization of the fixed magnetic layers PI and P2 and the free magnetic layer F. And to 
the external magnetic field from a record medium, magnetization of said free magnetic layer F is 
changed with sufficient sensibility, electric resistance changes by the relation between fluctuation of this 
magnetization direction, and the fixed magnetization direction of the fixed magnetic layers PI and P2, 
and the leak field from a record medium is detected by the electrical-potential-difference change based 
on this electric resistance value change, however, contributing to an electric resistance value change 
(output) directly - the [ the magnetization direction of the 1st fixed magnetic layer 103, and ] - the [ the 
angular relation of the magnetization direction of the 1 free magnetic layer 105 and the magnetization 
direction of the 3rd fixed magnetic layer 109, and ] - it is the angular relation of the magnetization 
direction of the 2 free magnetic layer 107, and it is desirable to lie at right angles in the condition that 
the condition and signal field which the detection current is energizing [ such angular relation ] are not 
impressed. 

[0206] The hard bias layer 114 should just arrange one magnetization direction among the 1st free 
magnetic layer 105 which constitutes the free magnetic layer F, and the 2nd free magnetic layer 107. In 
drawing 1 1 , only the magnetization direction of the 2nd free magnetic layer 107 is arranged. If the 
magnetization direction of the 2nd free magnetic layer 107 is arranged in the fixed direction, the 1st free 
magnetic layer 105 will be in the ferrimagnetism condition that the magnetization direction serves as 
anti-parallel, and the magnetization direction of the whole free magnetic layer F will be arranged in the 
fixed direction. 

[0207] With the gestalt of this operation, the 1st hardware bias layer 1 14 mainly gives the static 
magnetic field of the direction of graphic display X to the 2nd free magnetic layer 107. Therefore, it can 
suppress that the magnetization direction (the direction of graphic display X and reverse sense) of the 1st 
free magnetic layer 105 is disturbed by the static magnetic field of the direction of graphic display X 
generated from ttie hard bias layer 1 14. 

[0208] Also by the magnetic sensing element of drawing 1 1 , the electrode layer (the 1st electrode layer 
1 16,1 16) of the lowest layer, It is the field which laps only with the electrode layer of the lowest layer 
among tiie 2nd electrode layers 1 17,1 17. The distance between the up shielding layer 45 in the fields SI 
and SI which do not lap with insulating layers 50 and 50, and the lower shielding layer 31 Gls, When 
distance between the up shielding layer 45 in the location which laps with the center C of multilayer T3, 
and the lower shielding layer 31 is set to Glc, it has set below to the value from which effective width- 
of-recording-track E-Tw of a magnetic sensing element is set to 0.17 micrometers in said value of the 
difference of Glc with said Gls. With effective width-of-recording-track E-Tw, it measures by the full 
truck profile method or the micro truck profile method mentioned above. 

[0209] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 rmi<=Gls<=Glc+30nm still more preferably. 

[0210] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=1.50 still more preferably. 

[021 1] Also with the gestalt of operation shown in drawing 1 1 , by making the value of said difference 
of Gls and Glc below into a predetermined value, it can suppress that the distance between the up 
shielding layer [ / near the both sides of multilayer T3 ] 45 and the lower shielding layer 31 becomes 
large, and effective width-of-recording-track E-Tw can be made small. 

[0212] Moreover, also with the gestalt of this operation, the polar zone L is used as the thin 1st electrode 
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layer or a hard bias layer monolayer [ near multilayer T3 ], and thickness of the polar zone L which is 
separated from multilayer T3 is enlarged by carrying out the laminating of the 2nd electrode layer on the 

1st electrode layer or a hard bias layer. 

[0213] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of multilayer T3 ] 45, 
and the lower shielding layer 31. 

[0214] Although the polar zone L was made into the laminating structure of a two-layer electrode layer 
in the magnetic sensing element shown in drawing 1 1 from drawing 1 , the polar zone L may be the 
laminating structure of a three or more-layer electrode layer. 

[0215] Drawing 12 is the sectional view which looked at the magnetic sensing element of the gestalt of 
operation of the 12th of this invention from the opposed face side with a record medium. 
[0216] The magnetic sensing element of drawing 12 differs from the magnetic sensing element of 
drawing 1 in that the polar zone LI is the laminating structure of the three-layer electrode layers 42, 43, 
and 51. 

[0217] Spacing of the truck cross direction of the electrode of a couple is enlarged, and, as for the 2nd 
electrode layers 43 and 43, spacing of the truck cross direction of the electrode of a couple is enlarged 
by the 1st electrode layers 42 and 42 from the 2nd electrode layers 43 and 43, as for the 3rd electrode 
layers 51 and 51. 

[0218] In the magnetic sensing element of drawing 12 , the electrode layer (the 1st electrode layers 42 
and 42) of the lowest layer. It is the field which laps only with the electrode layer of the lowest layer 
among the 2nd electrode layers 43 and 43 and the 3rd electrode layers 51 and 51. The distance between 
the up shielding layer 45 in the fields SI and SI which do not lap with insulating layers 50 and 50, and 
the lower shielding layer 31 Gls, When distance between the up shielding layer 45 in the location which 
laps with the center C of Multilayer T, and the lower shielding layer 31 is set to Glc, it has set below to 
the value from which effective width-of-recording-track E-Tw of a magnetic sensing element is set to 
0.17 micrometers in said value of the difference of Glc with said Gls. Effective width-of-recording-track 
E-Tw is measured by the fiiU truck profile method or the micro truck profile method mentioned above. 
[0219] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0220] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=1.50 still more preferably. 

[0221] Also with the gestalt of operation shown in drawing 12 , by making the value of said difference 

of Gls and Glc below into a predetermined value, it can suppress that the distance between the up 

shielding layer [ / near the both sides of Multilayer T ] 45 and the lower shielding layer 31 becomes 

large, and effective width-of-recording-track E-Tw can be made small. 

[0222] Moreover, also with the gestalt of this operation, the polar zone LI is used as the thin 1st 

electrode layer monolayer [ near the multilayer T ], and thickness of the polar zone LI which is 

separated from Multilayer T is enlarged by carrying out the laminating of the 2nd electrode layers 43 

and 43 and the 3rd electrode layers 51 and 51 on the 1st electrode layer 42 and 42. 

[0223] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 

small, making small distance between the up shielding layer [ / near the both sides of Multilayer T ] 45, 

and the lower shielding layer 3 1 . 

[0224] Moreover, [ near the multilayer T ], since the 1st electrode layer 42 can be formed thinly, the 
level difference D formed of the front face of Multilayer T and side-face 42a of the 1st electrode layer 
42 can be made low. Therefore, even if it makes thickness of the up gap layer 44 small, the up gap layer 
44 can be certainly formed on ttiis level difference D. Namely, the electric short circuit between the up 
shielding layer 45 and the polar zone L can be more certainly prevented now. 
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[0225] In addition, the include angle which as parallel to said multilayer front face a flat surface as the 
upper electrode layer and the tangential plane of the front end edge of said electrode layer make 
becomes small, and, as for a two or more layers electrode layer, it is as desirable as the upper electrode 
layer that thickness becomes thick. 

[0226] In addition, the free magnetic layer 37, F and the fixed magnetic layer 35, and PI and P2 may be 
formed as the magnetic material layer or the two-layer magnetic material layers of a monolayer 
(CoFe/NiFe etc.). 

[0227] Moreover, drawing 13 is the top view which looked at Multilayer T, the 1st electrode layers 42 
and 42, and the 2nd electrode layers 43 and 43 of the magnetic sensing element shown in drawing 1 
from the graphic display upper part of drawing 1 . 

[0228] Since the depth die length Zl of the height direction of the 1st electrode layers 42 and 42 which 
are electrode layers of the lowest layer among two or more layers electrode layers is made longer than 
the depth die length Z2 of the height direction of Multilayer T as shown in drawing 13 , the direct- 
current-resistance value of a magnetic sensing element can be made small. 

[0229] In this invention, in addition, the electrode layer (the 1st electrode layers 42 and 63,1 17 or hard 
bias layer 40) of the lowest layer connected to muUilayers T and T2 or T3, and an electric target So that 
it may be hard to generate a smear in the process which grinds an opposed face with the record medium 
of a magnetic sensing element, and adjusts a direct-current-resistance value It is desirable to form using 
hard ingredients, such as W, Ta, Rh, Ir, and Ru, and to form the ingredient of electrode layers other than 
the electrode layer of the lowest layer (the 2nd electrode layer, the 3rd electrode layer) using the small 
ingredient of specific resistance, such as Cr, Cu, Au, and Ta. 

[0230] The manufacture approach of the magnetic sensing element shown in drawing 2 is explained. As 
first shown in drawing 14 , the lower shielding layer 31 and the lower gap layer 32 are formed. The 
lower shielding layer 31 is formed using magnetic materials, such as NiFe, and forms the lower gap 
layer 32 using insulating ingredients, such as aluminum203 and Si02. The laminating of the lower 
shielding layer 3 1 is carried out on the substrate 30 through the substrate layer which consists of 
insulating ingredients, such as an alumina, and which is not illustrated. 
[023 1] Fiuthermore, the substrate layer 33 shown on the lower gap layer 32 at drawing 2 , the 
antiferromagnetism layer 34, fixed magnetic layer 35of ** 1st a. Nonmagnetic middle class 35b, the 
fixed magnetic layer 35 of the synthetic ferry PINDO mold which consists of the 2nd fixed magnetic 
layer 35c, the non-magnetic material layer 36, free magnetic layer 37of ** 2nd a. The laminating of the 
free magnetic layer 37 of the synthetic ferry free mold which consists of nonmagnetic middle class 37b 
and 1st free magnetic layer 37c, and the protective layer 38 is carried out, and Multilayer T is formed. 
[0232] In addition, instead of this multilayer T, you may be the multilayer T2 of the single spin bulb 
mold thin film shown in drawing 1 1 , and multilayer T3 of the dual spin bulb mold thin fihn shown in 
drawing 12 . 

[0233] In addition, forming with a PtMn alloy is desirable, or it may form the antiferromagnetism layer 
which constitutes multilayers T and T2 or T3 by X-Mn (however, X is one-sort [ any ] or two sorts or 
more of elements of Pd, Ir, Rh, and Ru), or Pt-Mn-X' (however, X* is any one sort or two sorts or more 
of elements of Pd, Ir, Rh, Ru, Au, and Ag). When forming with the construction material which 
mentioned said antiferromagnetism layer above, it is necessary to heat-treat to generate a switched 
connection field in an interface with a fixed magnetic layer. 

[0234] Next, pattem formation of the resist layer Rl for wrap Uft offs is carried out for the field of 
optical width-of-recording-track 0-Tw of the magnetic sensing element to form on Multilayer T. 
[0235] As shown in drawing 14 , it cuts deeply on the underside and section Rla and Rla are formed in 
the resist layer Rl . 

[0236] Next, at the process shown in drawing 15 , the both sides of Multilayer T are deleted by etching. 
At this process, the antiferromagnetism layer 34 is formed in the direction of graphic display X for a 
long time by controlling an etching rate and etching time and carrying out as [ remain / do not shave off 
the side face of the antiferromagnetism layer 34, but ]. In addition, if the side face of the 
antiferromagnetism layer 34 is deleted thoroughly, the magnetic sensing element shown in drawing 6 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/21/2006 



JP,2002-280643,A [DETAILED DESCRIPTION] 



Page 23 of 27 



can be formed. 

[0237] At the process furthermore shown in drawing 16 , the bias substrate layers 39 and 39, the hard 
bias layers 40 and 40, and interlay ers 41 and 41 are formed on both sides of Multilayer T. Preferably, the 
hard bias layers 40 and 40 used the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome- 
platinum) alloy, etc., interlayers 41 and 41 used Ta, and the bias substrate layers 39 and 39 formed any 
Cr(s) [ one or more sorts in Cr, Ti, Mo, or W50Mo50 of]. With the gestalt of this operation, membrane 
formation of the bias substrate layers 39 and 39, the hard bias layers 40 and 40, and the middle class 41 
and 41 was performed using the ion beam spatter method for having an anisotropy. 
[0238] The hard bias layers 40 and 40 are formed in the height location where the topmost part 40b and 
40b of Multilayer T and side-face 40a of the side which counters laps with the top face 37al of 2nd free 
magnetic layer 37a with the gestalt of this operation. That is, membranes are formed to the side face of 
multilayer [ of the hard bias layer 40 ] T, side-face 40a [ of the side which counters ], and 2nd free 
magnetic layer 37a, and the height location which counters, and the side face of 1st free magnetic layer 
37c is formed so that it may not counter. However, you may make it side-face 40a of the hard bias layer 
40 counter with the side face of the side face of the fixed magnetic layer 35, the side face of the non- 
magnetic material layer 36, 2nd free magnetic layer 37a, nonmagnetic interlayer 37b, and 1st free 
magnetic layer 37c, as shown in drawing 7 . 

[0239] The hard bias layer 40 has arranged only the magnetization direction of 2nd free magnetic layer 
37a among 2nd free magnetic layer 37a which constitutes the free magnetic layer 37, and 1st free 
magnetic layer 37c. If the magnetization direction of 2nd free magnetic layer 37a is arranged in the fixed 
direction, 1st free magnetic layer 37c will be in the ferrimagnetism condition that the magnetization 
direction serves as anti-parallel, and the magnetization direction of the free magnetic layer 37 whole 
be arranged in the fixed direction. 

[0240] With the gestalt of this operation, the hard bias layer 40 mainly gives the static magnetic field of 
the direction of graphic display X to 2nd free magnetic layer 37a. Therefore, it can suppress that the 
magnetization direction (the direction of graphic display X and reverse sense) of 1st free magnetic layer 
37c is disturbed by the static magnetic field of the direction of graphic display X generated from the 
hard bias layer 40. 

[0241] Next, at the process shown in drawing 17 , the 1st electrode layers 42 and 42 are formed from the 
predetermined include angle theta 3 on an interlayer 41 and 41 to the direction of a normal of substrate 
30 front face. The 1st electrode layers 42 and 42 consist of an electrode of the couple which opened the 
predetermined spacing Spl crosswise [ truck ], and was formed in the both-sides field of Multilayer T. 
[0242] Under the present circumstances, the 1st electrode layers 42 and 42 may be formed even in 
slitting section Rla formed in the underside of the resist layer Rl in which it was prepared on Multilayer 
T, and Rla. 

[0243] In addition, when forming the 1st electrode layers 42 and 42, as shown in drawing 13 , it is 
desirable to form the depth die length Zl of the height direction of the 1st electrode layers 42 and 42 for 
a long time than the depth die length Z2 of the height direction of Multilayer T. 
[0244] And after a lift off removes the resist layer Rl, using resist exfoliation liquid, as it is shown in 
drawing 18 , the resist layer R2 for lift ofifs in which slitting section R2a and R2a were formed is formed 
on Multilayer T and the 1st electrode layer 42, and 42, 

[0245] Next, the 2nd electrode layer 43 and 43 is formed from the predetermined include angle theta 4 
on the 1st electrode layer 42 and 42 to the direction of a normal of substrate 30 front face. By using such 
a manufacture approach, spacing Sp2 of the truck cross direction of the electrode of the couple which 
constitutes the 2nd electrode layers 43 and 43 can be made larger than the spacing Spl of the truck cross 
direction of the electrode of the couple which constitutes the 1st electrode layer 42 and 42 electrode 
layers. 

[0246] Under the present circumstances, the 2nd electrode layers 43 and 43 may be formed even in 
slitting section R2a formed in the underside of the resist layer R2, and R2a. 
[0247] When forming the 1st electrode layers 42 and 42 and the 2nd electrode layers 43 and 43 For 
example, leaning aslant the target formed by the presentation of the 1st electrode layers 42 and 42 or the 
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2nd electrode layers 43 and 43 to the substrate 30 with which Multilayer T was formed, and moving or 
rotating said target on said substrate 30 The 1st electrode layers 42 and 42 or the 2nd electrode layers 43 
and 43 are formed on an interlayer 41 and 41 by the spatter which combined the ion beam spatter 
method, the long slow spatter method, the coUimation spatter method, or them. 
[0248] Or said target may be fixed, and a substrate 30 side may be moved or rotated in the direction of 
slant to said target. Moreover, as shown in drawing 18 , on the resist layer R2, layer 43 A of the same 
presentation as the 2nd electrode layers 43 and 43 is formed. 

[0249] In addition, it is desirable to make the membrane formation include angle theta 4 when forming 
the 2nd electrode layers 43 and 43 larger than the membrane formation include angle theta 3 when 
forming the electrode layer of the 1st electrode layers 42 and 42. By considering as the membrane 
formation include-angle theta4> membrane formation include angle theta 3, the include angle theta 1 
which a flat surface parallel to a multilayer T firont face and the tangential plane of the front end edge of 
the 2nd electrode layer 43 make can be made smaller than the include angle theta 2 which a flat surface 
parallel to a multilayer T front face and the tangential plane of the front end edge of 1st electrode layer 
42** make. 

[0250] If thetal<theta2, supply of the current to Multilayer T can be stabilized from the 1st electrode 
layers 42 and 42 by which direct continuation is carried out to Multilayer T. 

[0251] Moreover, in order to suppress that the distance between the up shielding layer [ / near the both 
sides of Multilayer T ] 45 and the lower shielding layer 31 becomes large and to make small the direct- 
current-resistance value of a magnetic sensing element, it is desirable to make thickness t2 of the 2nd 
electrode layer 43 thicker than the thickness tl of the 1st electrode layer 42. 

[0252] Moreover, so that it may be hard to generate a smear in the process which grinds an opposed face 
with the record medium of a magnetic sensing element for the 1st electrode layers 42 and 42 which are 
electrode layers of the lowest layer electrically connected with Multilayer T, and adjusts a direct- 
current-resistance value It is desirable to form using hard ingredients, such as W, Ta, Rh, Ir, and Ru, and 
to form the 2nd electrode layers 43 and 43 using the small ingredient of specific resistance, such as Cr, 
Cu, Au, and Ta. 

[0253] And in Multilayer T, the 1st electrode layers 42 and 42, and the 2nd electrode layers 43 and 43, 
after a lift off removes the resist layer R2, using resist exfoliation liquid, as shown in drawing 19 , the up 
gap layer 44 is formed. 

[0254] Furthermore, at the process shown in drawing 20 , the laminating of the resist layer R3 for Uft 
offs by which the slitting section was formed in the 1st electrode layer 42 which is an electrode layer of 
Multilayer T and the lowest layer, and the field which laps with the part on 42 is carried out, and the part 
on the 1st electrode layer and the ** 2 electrode layer 43, and the insulating layers 50 and 50 that lap 
with all the fields on 43 are formed from across to a substrate 30. 

[0255] After a lift off removes the resist layer R3, using resist exfoliation liquid, as it is shown in 
drawing 21 , the magnetic sensing element of drawing 2 is completed through the process which forms 
the up shielding layer 45 on the up gap layer 44, and forms a protective layer 46 on the up shielding 
layer 45. 

[0256] In the manufacture approach of the above-mentioned magnetic sensing element In addition, the 
1st electrode layers 42 and 42, It is the field which laps only with the 1st electrode layers 42 and 42 
among the 2nd electrode layers 43 and 43. The distance between the up shielding layer 45 in the fields 
SI and SI which do not lap with insulating layers 50 and 50, and the lower shielding layer 3 1 Gls, When 
distance between the up shielding layer 45 in the location which laps with the center C of Multilayer T, 
and the lower shielding layer 31 is set to Glc It is desirable to set up the thickness of each class which 
constitutes a magnetic sensing element so that it may become below the value from which the effective 
width of recording track of a magnetic sensing element is set to 0.17 micrometers in said value of the 
difference of Glc with said Gls. 

[0257] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
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fills Glc-20 mn<=Gls<=Glc+30nm still more preferably. 

[0258] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=1.50 still more preferably. 

[0259] By making the value of said difference of Gls and Glc below into a predetermined value, it can 
suppress that the distance between the up shielding layer [ / near the both sides of Multilayer T ] 45 and 
the lower shielding layer 31 becomes large, and effective width-of-recording-track E-Tw can be made 
small. 

[0260] Moreover, also with the gestalt of this operation, the polar zone L is used as the thin 1st electrode 
layer monolayer [ near the multilayer T ], and thickness of the polar zone L which is separated fi-om 
Multilayer T is enlarged by carrying out the laminating of the 2nd electrode layer on the 1st electrode 
layer. 

[0261] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of Multilayer T ] 45, 
and the lower shielding layer 31. 

[0262] Moreover, [ near the multilayer T ], since the 1st electrode layer 42 can be formed thinly, the 
level difference D formed of the fi-ont face of Multilayer T and side-face 42a of the 1st electrode layer 
42 can be made low. Therefore, even if it makes thickness of the up gap layer 44 small, the up gap layer 
44 can be certainly formed on this level difference D. Namely, the electric short circuit between the up 
shielding layer 45 and the polar zone L can be more certainly prevented now. 

[0263] As mentioned above, although the manufacture approach of the magnetic sensing element shown 
in drawing 2 was explained, the magnetic sensing element shown in drawdng 1 can be formed by 
omitting formation of insulating layers 50 and 50. Moreover, within limits which said Gls and said value 
of Glc mentioned above, if said Gls and said value of Glc are made into Gls=Glc, the magnetic sensing 
element of drawing 3 can be formed, and if Gls<Glc, the magnetic sensing element of drawing 4 can be 
formed. 

[0264] Moreover, the magnetic sensing element of drawing 5 can be formed by not forming the 1st 
electrode layers 42 and 42, but carrying out the laminating of the 2nd electrode layers 43 and 43 directly 
on an interlay er 41 and 41. 

[0265] So that the width method of the insensible fields d and d of Multilayer T may be beforehand 
measured using another magnetic sensing element using the micro truck profile method etc. and only 
these insensible field d and d top may be covered, when forming the magnetic sensing element of 
drawing 8 What is necessary is just to form the 1st electrode layers 42 and 42 even in the slitting circles 
of said resist layer, when forming the resist layer for lift offs and forming the 1st electrode layers 42 and 
42. 

[0266] What is necessary is just to form the bias substrate layers 39 and 39 fi*om [ to the firont face of a 
substrate 30 ] a normal, as shown in drawing 22 when forming the magnetic sensing element shown in 
drawing 9 . For example, the target for carrying out spatter membrane formation of the bias substrate 
layers 39 and 39 is made to counter so that it may become parallel to a substrate 30, and the angular 
distribution of sputtered particles Sa forms by the narrow good approach (spatter which combined the 
ion beam spatter method, the long slow spatter method, the coUimation spatter method, or them) of 
rectilinear-propagation nature. There are almost no sputtered particles deposited on the side face of 
Multilayer T by this, and membranes can be formed only on extension section 34b of the 
antiferromagnetism layer 34 in Multilayer T. 

[0267] Furthermore, by forming membranes using the spatter of modaUty [ layers / 40 and 40 / hard 
bias ] or an anisotropy, as shown in drawing 9 , the side faces 40a and 40a by the side of the muUilayer 
T of the hard bias layers 40 and 40 can touch the side face of 2nd fi:ee magnetic layer 37a directly. Then, 
the hard bias layers 40 and 40 and 2nd fi-ee magnetic layer 37a become a continuum magnetically, it can 
prevent an anti-field occurring in the side edge section of 2nd fi:ee magnetic layer 37a, and stabiUty 
increases. 
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[0268] By setting up the location of edge Rib of the resist layer Rl, and Rib, the angular distribution of 
sputtered particles Sa, and rectilinear-propagation nature The bias substrate layers 39 and 39 are made 
not to be formed on the side face of Multilayer T at all, The bias substrate layers 39 and 39 are formed 
on the side face of Multilayer T in the range which is not formed on the side face of 2nd free magnetic 
layer 37a and 1st free magnetic layer 37c, It can become either among the bias substrate layers 39 and 
39 being formed on the side face of Multilayer T so that the thickness of the hard bias layers 40 and 40 
and the bias substrate layers 39 and 39 between 2nd free magnetic layer 37a may be set to Inm or less. 
[0269] moreover, in order to form the polar zone L which consists of a three or more-layer electrode 
layer as shown in drawing 12 It forms on the electrode layer of the maximum upper layer among the 
aheady formed two or more layers electrode layers from Multilayer T, applying the resist layer for lift 
offs in which the sUtting section was formed. What is necessary is to form still more nearly another 
electrode layer from a predetermined membrane formation include angle to the direction of a normal of 
said substrate on the electrode layer of said maximum upper layer, and just to repeat the process which 
removes the account resist layer of back to front. 

[0270] The resist layer which carries out the mask of the multilayer T in the process shown in drawing 
17 from drawing 14 is used as the resist layer Rl for Uft offs which was formed by the two-layer resist 
method, the image reversing method, etc. and which cuts deeply and has section Rla and Rla. 
[0271] However, in this invention, as shown in drawing 23 , ttie mask of the wrap field may be carried 
out for the field of optical width-of-recording-track 0-Tw of the magnetic sensing element to form using 
the resist layer R4 which does not have the slitting section. When forming optical width-of-recording- 
track 0-Tw by the width method 0.2 micrometers or less, it is effective to form the resist layer R4 which 
does not have the slitting section using electron beam lithography etc. 

[0272] After formation of the resist layer R4, as shown in drawing 24 , the both sides of Multilayer T are 
deleted by etching. 

[0273] At the process fiirthermore shown in drawing 25 , the bias substrate layers 39 and 39, the hard 
bias layers 40 and 40, interlayers 41 and 41, and the 1st electrode layers 42 and 42 are formed on both 
sides of Multilayer T. 

[0274] In this invention, the 1st electrode layers 42 and 42 can be formed thinly [ near the multilayer T ], 
and the height dimension t3 of the level difference D formed of the front face of Multilayer T and the 
side face of the 1st electrode layers 42 and 42 can be made low. Therefore, even if the resist layer R4 
cuts deeply and it does not have the section, the resist layer R4 is certainly removable after membrane 
formation of the 1st electrode layers 42 and 42. 

[0275] In addition, the laminating of the inductive head for record may be carried out to the magnetic 
sensing element of this invention, and the record playback compound-die magnetic head may be 
constituted. 
[0276] 

[Example] The floatation type magnetic head is formed using the magnetic sensing element of the 
structure shown in drawing 1 . The distance Glc between the up shielding layer 45 in the location which 
laps with the center C of the multilayer T of a magnetic sensing element, and the lower shielding layer 
31 is fixed. It is the field which laps only with the 1st electrode layers 42 and 42. Effective width-of- 
recording-track (effective read width) E-Tw when changing the distance Gls between the up shielding 
layer 45 in the fields S and S which do not lap with the 2nd electrode layers 43 and 43, and the lower 
shielding layer 31 was measured. 

[0277] Measurement of effective width-of-recording-track E-Tw was performed using the fiiU truck 
profile method explained previously (refer to drawing 27 ). 

[0278] Glc of the magnetic sensing element used for measurement set [ 60nm and optical width-of- 
recording-track 0-Tw ] the magnetic flying height from 0.1 micrometers and a record medium to 18nm 
for 0.15 micrometers and the height direction die length Z2 of Multilayer T. Moreover, it investigated 
about two kinds when considering as the time of making the value of the residual magnetization x 
thickness of 40 of a hard bias layer, and 40 into 7.5 T -nm, and 21.7 T-nm of cases. 
[0279] The graph which shows the relation between the value of said difference of Gls and Glc and 
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effective width-of-recording-track E-Tw to drawing 26 is shown. 

[0280] The graph of drawing 26 shows that effective width-of-recording-track E-Tw becomes small, 
when said value of Gls becomes small. 

[0281] When the value of the residual magnetization x thickness of 40 of a hard bias layer and 40 is 
made into 7.5 T-nm, in order to set effective width-of-recording-track E-Tw to 0.17 micrometers or less, 
the value of said difference of Gls and Glc is understood [ 90nm or less, then ] are good. Furthermore, 
70nm or less, then effective width-of-recording-track E-Tw are made to 0.167 micrometers or less by 
the value of said difference of Gls and Glc, and 30nm or less, then effective width-of-recording-track E- 
Tw are made to 0.165 micrometers or less by the value of said difference of Gls and Glc. 
[0282] Moreover, when the value of the residual magnetization x thickness of 40 of a hard bias layer and 
40 is made into 21.7 T-nm, 70nm or less, then effective width-of-recording-track E-Tw are made to 0.16 
micrometers or less by the value of said difference of Gls and Glc, and 30nm or less, then effective 
width-of-recording-track E-Tw are made to 0.157 micrometers or less by the value of said difference of 
Gls and Glc. 

[0283] In addition, in order to form the hard bias layers 40 and 40 of sufficient thickness, being referred 
to as Gls-Glc>=-20nm is desirable. 

[0284] We decided to make said Gls and said value of Glc desirable [ setting it as the range which fills 
Glc-20 nm<=Gls<=Glc-i-90nm ] in this invention, and to set it as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably fi-om these results, and to set it as the range which fills Glc-20 
nm<=Gls<=Glc+30nm still more preferably. 

[0285] Moreover, we presupposed that it is desirable to set said Gls and said value of Glc as the range 

which fills 0.67 <=Gls/Glc<=2.50 from that said Glc is 60nm, and the above-mentioned above Gls and 
the range of said desirable value of Glc, and decided more preferably to set it as the range which fills 
0.67 <=Gls/Glc<=2.17, and to set it as the range which fills 0.67 <=Gls/Glc<=1.50 still more preferably. 

[0286] 

[Effect of the Invention] According to this invention explained to the detail above, by making the value 
of said difference of Gls and Glc below into a predetermined value, distance between said up shielding 
layer [ / near the both sides of said multilayer ] and said lower shielding layer can be made small, and 
the effective width of recording track can be made small. 

[0287] Moreover, in this invention, two or more layer laminating of the electrode layer which consists of 
an electrode of the couple opened and formed is carried out [ spacing / predetermined to the truck cross 
direction ] in said polar zone. The upper electrode layer in the place which formed said polar zone thinly 
[ near / said / the multilayer ], and is distant from said multilayer by having enlarged spacing of the truck 
cross direction of the electrode of said couple Thickness of said polar zone is enlarged by carrying out 
two or more layer laminating of said electrode layer. 

[0288] Consequently, it can suppress that the direct-current-resistance value of a magnetic sensing 
element becomes large, making small distance between said up shielding layer [ / near the both sides of 
said multilayer ], and said lower shielding layer. 

[0289] Moreover, in this invention, since said polar zone can be formed thinly [ near / said / the 
multilayer ], the level difference formed of the front face of said multilayer and the side face of said 
polar zone can be made low. Therefore, even if it makes thickness of said up gap layer small, said up 
gap layer can be certainly formed on this level difference. Namely, the electric short circuit between said 
up shielding layers and said electrode layers can be more certainly prevented now. 



[Translation done.] 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/21/2006 



JP,2002-280643,A [DRAWINGS] 



Page 1 of 12 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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[Drawing 24] 
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[Drawing 11] 



http://www4.ipdl,ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/21/2006 



JP;2002-280643 A [DRAWINGS] 



Page 8 of 12 




[Drawing 18] 



http://www4jpdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



6/21/2006 



JP;2002-280643,A [DRAWINGS] 



Page 9 of 12 



H18 




[Drawing 20] 

88 




[Drawing 21] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/21/2006 



JP;2002-280643,A [DRAWINGS] 



Page 10 of 12 




[Drawing 25] 
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-^u KB<tmETSni/-;u KBm<0!§!K*G i c i Lfc 



Ja h^'><7(iiA<0. 1 7 i/mirJEf-SfilJilTl^lftS-r-SC: 
[K*:i3] tfriBG I s tm^G I crofit^, G I c 

-2 O nm^G I s ^G I c + 9 0 n jSfc-riEHIZ 

[ai^«4] frtBG I s ^SfrSBG l cCOMe. G I c 
-20nmgG I s^G I c + 30 n m ^Slfc-TiSHIZ 

[R^iss] iifrlBG I s^ntreG i c<r>^^. o. 6 

7^Gls/Glc^2. 5 O^iSfc^iSHlCig^-rS 

1 tcfL 4©l^■r^^AM=;EKOT^»aSEaJSI^o 
[R*]S6] ffirlBG I sirlKrIHG I c©<l^, o. 6 

7^Gis/Gicsi. 5 os2ifc-risHi3ias-rs 

[»*JS7] SJffiG I sirflSEG I cOJfil^, G I s 

>G I ci:-r-i)R*9ii ^cu^LeoLN-r^xAM^ffiKoa 
[»*S8i BJrfEG I s<t«frfaG i ca>m*. g i s 

= G I c t-r 1 tCL^L 6(0 L^■r*lAM::ffi«©^a 

[lt^^9] SirSBG I 8.bfrBBG I c(OM$. G I s 
<G I ci:■r-5iS*«1^i:t^L6(0t^■r*t*McE«©« 

[ii*3aio] Sffi±i=. «1±*^S^A^t>^i:-STSPv- 
;^KB«t. zroTS5i>-;uKB±I^SB**i.-5iffiJttt« 

■r«:7'J-«ttB^*L. l!iIETS|5=f-V> ::^BJii=SB 
(Sl(c}i5K.-5fcto<D/N- K/^-TTXBt. fIffi/\— K/^-r 

|g-r-&f=Ma>S«ffi^, SfrE^BR±ST/MEaa§P± 

taB^*t-5iteltt±«S^*^t,'E£*±a5=\=A'>:'^B<t, m 
ffi±gp^-v -v :fB±l-SB^*i^aEtS«***^ t.'EcSifiB 

>>-;u KBt if^-r-saatfiUtiJUT-i^fcLNr, 

ftrffimfiiajii. flirffif.BMi-fi'i-5«iiiEai//*fci±fl 

B*+Lfc4.<DT?fey, ±BromfiiB(5irME-*fa)liffi 

1 1 ] S(rE/\- K/^'f TxBii. Sfrffi#Bfe 

[ii*^12] flES»Brom«®l±-tBOTmMBI5 
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ffiB<0*tS^$W, Ta. Rh, I r. R u <Z)t^■r:KA'' 1 
^nt:Cr. Cu. Au. T a (DL^-fixA^ 1 H^fcl* 2 

(b) ffIffi^BK±l=. Ui^XKH^JKBE-r-SXgi:, 

(c) fII2^@M<0S!lIBUi?X ^-Bl=*o■ca♦p*trL^ 

(d) frfiB$BMf=£''d:-S>^i$&t//^/^l^ffirlS$B@ 

fi^$^l.fc->pKom^A^e.^c-5m i m«iB^. sfriBSffi© 
xKB*»3s-r-&xat, 

B^miB^BM&t/SSIBm 1 mffiB-hl-ffJfig-r€>xg 

(h) trriE^SKJtt;S2aaB±(=±fiP^A"y:^B* 
fi)cm-r€)X§i:, 

( i ) mn±eidf^':,lfm±^~±mi^-Ji'^^m^^m■t 

7] ffj|2 (f) (DXSlzfelt-SlTOSHRffS© 

nm^. sfiiB (d) <Dx^icfcMt-53fs©ssj:y;»;# 

8] stria (f) a>XSI=fcL^T. WIBffil 

msBeosiJiJ: y 2(omfii®oM]i^;i < -r 

9] MIB (b) roxst (h) roxgora 



3%S±BromffiB±l:^AM+-C)^fi£L, |trfiBS±Brom 

LBf^ro^MftSA^&KEKL. -t<D«lKr8BUvX KB* 
^^-fiiXg^-l [5iei±fT3W*3Sl 63S:L>L1 8<DL% 

[i»*3S2 0] StrSH ( j ) ©XglzfcLN-C, ItrlESiJ© 
TBomffiB^fiEM-r •!> t J: y < "T 

10 [is*S2i] miH (j) ©xa(:IfeL^■c, friH»j(D 
j:yt,ii<-r*H*jsi 9Sfci*2oi=ffiK<Djaai«ai 

[iS*«2 2] fllE (f) (DUmtrntR (b) <dxs 

o^l. MIS (g) fljxntfiiH (h) <oxs©^. 
liMSB (j) OTxnttijiE (h) (Oxaroisjicjsi^T. 

20 [H*^2 3] frl3 (h) (DXgirfJE (i) roxg 
( I ) fJfB^BM£t;«ISilB}^^^;h.y-rm^BcD3'&fi 

Tsonmm±<o-mtwii£^^wz. wya^ffl©}^ 

i=ML^to:»isj*^e,iirSB-hgB4^-^>>::^B±(::. MIS^t 
B<omSBJU^a)m4&B±a>±r (D^i$£$S3 l&iiB $ 

fiEH-r ixg^wr •sRSigi i e ^pL^ u 2 2 a)Lxr*1.A^ 

(zs&m(omn^iiim^<Dm^y5m. 
Cii*S2 4i «riiE (o) roxsro^. miH^BM© 
30 mmiz/\-\:fU7yi.m^!&m^t:i^. sfrie (d) rox 
a ic ^ o r flJrf sm 1 m^s ^ bem-t -axg^^t^^is* 
^ 1 6 ^ct^ L 2 3 <0L^r*vAMcl^ts©^8a«saiJg^a)a^ 

[iil*«25] ifrsa (d) fl)xsl=j3L^■c. iKrffiSSi 

:5raroaftS*j;ys<JK/5Ef sif*«i 6jslnl2 4 

Cii*«2 6] M12 (d) (DXmtZtil^X. fllBmi 
affiB<0*tS4SW, Ta» Rh. I r. Rijfl)5*)L^-^ 
40 *l*>ia*fclt2SJil±<!: L. WSE (f) , ( j ) ©X 
SfcfcU-'-cairESg 1 mfi8BJUi1-(0mfiiB©«i|^^C r , 
Cu.Au. T a(D5*)t^^^7ii'>1 S*fcl±2aiil±i: 

[if *s 2 7 ] m^msLm<r>mmm<r> 5 *. . stboj 
m«iB0}<^^m''^'&^ii£^f=ii. Mie^ii»B<omsB<9 

mtmti:!^fj:i^^mizt5[-f^^ f5gH±a5->-;u KBtia 

aETePv-VUKB^roSiH^G I s. ffriB^BMro** 
50 i:a/j:^<4Mlzfcl+.5BiIIBJ:gp->-;U KBtflfiBTSSv 
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1 6;a:L^L2 6<7)l^■r*LA^^cs^K(D«afild3fR^ol^Jt 

[18^:^2 8] ItrfiEG I s (bfiiTSBG I cC^fit^-. G I 
c — 2 0 nm^G I s^G I c + 9 0 nm^MfCttBSB 

[|S*«2 9] mSBG I stffTBBG I ctDfll*. O. 10 
6 7 ^G I s/G I c ^2. 5 0^jMfc•rC5illCiSS■r 
*il*S2 7 *ycli2 8lttaK(DffltSl«l£±i^^Oii5t:S 

So 

[M*]S3 0] flEG I s^fUBG I c<7)fil^. G I 
s>G I c <b-r-5if*Il2 7^^l^L2 9a)l^■r^^3^)^|ClB 

mmms 1 1 weg i s ^wriHG i coas*. g i 

s=Gi c <t-r^iS*3l2 7^i:l^L2 9(Ol^■^•4^A^lc8B 

Ci&*3l3 2l WIBG I s ^ffirSSG I cCOfiS^. G I 20 
s<G I c^-r^iS*3l2 7^^:L^L2 9<DL^■r4^;&^^Cla 

[000 1] 
[0 0 0 2] 

[fie*a)atff] 0 2 8i±«*a)i«meiai*^$-i5®i«f* 30 

<t <7) S^f fS] StSID fe ^ o 

[0 0 0 3] m2 8\z^.^m%.^ihmTx*\t. T$Pi>- 

;uKB8±lcTa5^A'*>3^li9;!)<aiS^tL. TSli^-V*:/ 
:^B9±lcT4feBl 0*^LrS?S?H4H 1 1 0^ 
X:^fS]|Z:l<}f^fi£^tl. X:^fSl(7)c^i,0-e(iJS?t?»ttBl 
1 d 1 f£lt^tiiLrff^J5£^;|^n^^o -^LT 

ffitt^mm 3. 37'j-^ttBi 4. :Rt/«^Bi 5/j< 

Bia 1 6 Lr«j«**^Tl^^o 40 

[0 0 0 4] j55isatttBi 1 liP t -Mn 

[0 0 0 5] fria@s»tt@i 2*3,^i;3?g-attBi 

4fi. N i - Fe (-'>^;u-tt) Co (3/<;u 

h) . Co-Fe (=3/<;Uh-») Co-Fe- 

cu (ffl) 3^i:i:a)B«s^n;<D^SL^3^^8tt3?a*r3l^r• 
[0006] "tLxmzaizirs-r^oiz^ m^xysi^iz 



SSSgittBl 2. l^fiSttSmSl 3. &u:3?'J— « 
14B1 4(Dfiij®ic*Mtr. c r >S:<!:r*ff^i5S:*^xfcSffiS 
&t;iE[filH<i:*i)*JBffil 7 3{i<»^iiE*KTfcy. 

mm^ 7<DMf&\zj:^x. ^ai-r4/\— K/\vrxBi 

[0007] 1 7 (0±\Z\t. mPLltC o - P t 

(=3/<;Uh — d^) -^^-^^Co-C r -P t (=3/<;Uh 

Bl 8)!)<J^fiE**Lrl^4c 

[0 0 0 8] /\— K/<-rr;^B i 8iiii^x:^fa] ( 
v<7^y5{^) (c««**trfcy. /\-K/WTxBi 8 

4 0«^b (is ^ X :^ fS] ^ b :K-c u ^ o 
[0 0 0 9] K/^-fT'XB 1 SJilCli. TaTjC 

a)*WB 1 9 a3±.l::. C r . A u . T a . \NUi:VmS& 

t^tzmmmzot^fH^tixi^^o 
[0 0 10] *t>(c. ^mm^ eRummBzo±\zt& 

««J(435i^b<i:-5,±ffl54^-V':;3fB2 l3!)<aB**i. 
3(^7b>b?^c*:'5±a5^v*:/:^B2 lJilz±a5->— ;u KB 2 2 

[00 11] ZC-e. mfilB2 0*<^^J^**lTl^3ECt^^ 

BEi 6a>±®a)ig^$£A^ h^'v^ifS^jSo- 
Twr-fcy. ^BMi e<D^^tmt£^i^Lm:\z^if^± 
ffl5v-;u KB2 2 <tTgPv-;u KB 8ra<7)£g8l;!)<^-v 

[0 0 12] 

vymz^ (Dffiff < ^^^mti^&^o 

[00 13] mzs\z7ii-^infz^otSi^^(Dm 
f^s i^BRi ea>mm^ 6 a <bS^B2 o<7)ffiqs2 o a 

t\z^^x^^mm-^ic\.xi^^o z(7)s^±icii±a5 

m^^-J'Jm^^<Dm\^^^\^■^<\^Xl^<t. z(D^^ 
±(z±aj:^^ ^> 3fB 2 1 < < /j: y . ±95 i> 

-;u KB 2 2 ^ mfilS 2 o (7)PBl;!)<mtlMlcS$& L-\;:>-r < 

[0 0 14] ^fz. ^iii*t^<7)gH^h^^>^C7)Mfi'JI::& 

-5 Ks K ^ <7 b ±-r iB@!«<*7!»^ h> (D mnf^m% 
eidim^o) h'yv^? v=jv'y\f^v ^f-fm^t^tik 
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'y^^iie^jSA'O. 2//mJilTlC't-3T<€)<!: K^-y^e 
a K ^ -v^^ig-* K ^ ^7i|e-^ j£0- T w J: y 

coo 1 5] :4c%ISIi±8BCil£3lE0!>RS^<»dl-r'&/=«<7> 10 

[0 0 16] 

ttSS^A^f.'S'STSPv-^U KB.b. Z(7>Tffl5->— KB 
S5t«t4S. t5iHS^?H4Bi:OT3Eg|jS^fiS^I-cfcyK 

mt. SiIE±fiP^-v>:?a±l=«B**i.-5«tt«<4A^e. 

lllt-Cff^lS*^^fc->^^ro««IA^ JEt-SmfiiBA^ISSUBS 
S$*ifctro-Cfcy, ±B<DmSBISifMtB->!=KDliffi 

<o h^'y57i|is*iai©raiiH*<*#< *4xrfcy. iwsaisia 30 

BromfiiBod*), mTm<nmt^m(o^tmu^mwz 

fc(t^flSB±a5->— ;U KB<tSilE5Taiv— ;u KBrBl£73S§ 
St^G I s. SiIsB^BKa>**i:m/*-5<4S(;fclt^S5 
IH±fflSv-;u KBirfllHTfflli'-JU KBPfl<Dffi»ISG I 
ci:Lfci:#lc, MiSG I sir G I cOJUOli^, SSm 
^m^^a)^Sbh^'>^^i|SA<0. 1 7 /ymi:<fi)filiy.T 

[0 0 17] flSHSTBromSBIi, fllS^B^tDiiSffli) 

SPv/-;uKBfe]a}Sg»iG i si^, SirlB$B^(Dpa>ii&^ 

l:ifcl+St(rIB±fiPv-;U KBirfltrtBTfiPv— ;U KBH© 

[0 0 18] t!rffi^BM<OSa)JiSfi5l=fcl+-5i!5E±ffl5v 

-VU KBi:«il6HTa5v-JU i^Smomm^X^ < JS:-2> 
<t, fIffi±fii5v-iUKB<!:ffJgBTSP<>-;uKBwra^ii 



[00 19] ^Kg> ^ai-r-SctdlC, MIEG I s tG I 

[0 0 2 0] *fii3-e(±i(rl5G i stG i cosrofii^ 
€l(cJ3lt^frK±8Bv-;u KBi:S!Fl5TfiP->-;u KBH 

^ O. 1 7 ^mJilTICT?^*, 

[002 1] f=f£L. iifrtBi^Bffia>sffi!ii&«i=^it^fr 
<-r-&^. mu^m^<r>mm\zm-f^*\.. mib^bmi^ 

[0 0 2 2] -ezr. *fSB^T?i±. ffliamflisp* 

e.'S:-5®fiiB7b<«»BaB*^x. ±B<7>mfiiBll<fB!lfH 

t-r-5Ci:l-<fcoT. flfnB^Bffiififttfct^-CliffllBB 

figffl5^^<ffJfiEL, frSB^BmA^e.SI+ifci:C^r% fl 
IEmSB^«!&BISB-r^-il-J:oT. fliSmffiSPW 
M)l*:#:#< 

[0 0 2 3] COSilSJR. frtB#BISa}@effi!li&«l=j3lt-& 
SfriH±gB->-;u KBtBtIfBTS5v-;U KBPa^tOiEgt^/h 

■5. 

[0 0 2 4] **eH-C(i, miS^B^ifi^f-fcU^ 

ffi i: fJISmffifflroftia i: (z J: o TJKfiE (g < 

Tts cros^±icMia±a5^-v<>:/B*<fiill(c»$fi£* 

*i.SJ:3l=T-^-5, -r/*^*.. t!rlB±S|5->-;uKBi:SiI 
[0 0 2 5] ^fSeSI*, Sffi±l-. «tt«*^3!i^^> 

B. mvi.m.mm'&mt<DStiSim'^mn[z^^)mify3^i^ 

ai5^»-*fUSl!)-r-S:7'J-»ttB^*L. fJlBTSP^V 

vzfm±.\zmm-^ixhf'mmt. mts.^mm\zm.^^^ 
{zn.mtix^im.'&.^mii^f^tsii>±n^^-jymt. m 

ffi±SP^-w ::''B±f::«B *:h-l.ffitt«!|^A^ t> Jtf -Sign 

->-;uKSi:^^■r■s^»ast^lm^l=^JL^T. fjisma 

aili. fJIE^BKI=S'S:-5««ai//*fcl4«585#Blg 
tro-ofcor, ±sa)mfiiB(5i:fitifa-*Komaia) 
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'S: -s «ta -e fe o r , fri2*e^B tmui^tju^nmztsii- 

-5fIIB±fiP«>-;U KB<!:HrSETfiiJ->-;U KBHOffilK* 

Ltzttiz. S5IBG I stfjtBG I comom^. m% 

SSmSI^<»3IS!i l>5'y57itiS*<0. 1 7//mt7S4fl|iaiT 10 
l=SS-r -5 ^ i: i: -r -& t -e fe -5 . 

[0 0 2 6] :t:feQ|-eii, Mfi5«iSkBa>afiBa>at>fl 
TB<0««B±ro-SBi:. «frffifiTB<oaiSBKina>m 

«IB±<0^rro^lsS^a5^*SB*^ffJiS*n-5roT% n 
h^-;'^'i|l^S*/<;uxitiS (PW5 0) {tS^WLUi^ 
m^l~tSl^X. B5IB±aJv-;uKBi:tiriHm«IB<trolW 

[0 0 2 7] fltrf2G I s tmt&G I c G 

I c-2 0nm^G I s^G I c + 9 Onm^iSfc-TiE 
Htc!9:^-r■5c^:A<»*LL^. J:y»*L<(±, MIEG 20 

I s irflSBG I c<7><i^, G I c — 20nm^G I 
Gl c + 7 0 nm$jSfc-riSffll::RS-r-S)C<tT?fc-5, 
*t.l::»*L<l±. frlEG I s irffirffiG I cCOfil^, G 

I c-20nm^G I s^G I c + 3 O n mS^^^fffi 

[0 0 2 8] fc*t^l±, flJrSaG I s (tfJIHG I c ©fit 
O. 6 7^G I s/G I c^2. 5 0 $iS/i:-riSB 
lci6^•r-5^i:*<»*LL^<. J:y»*L<li. ffiTlHG I 
s^flsBG I c<Ol&i^ O. 67^G I s/G I 
2. 1 7^5Sfc-r«SBI=KS-r-i.Ci-efci,, 30 

I*, frIEG I s tfllSG I c(75fll^, 0. 6 7^ 
Gls/Glc^l. S 0$5gfct-®BBI-lftS^-5c:i: 
r-fe-5>o 

[0 0 2 9] tan. ±i£L/=fl1rlBG I s^miEG I c<D 

fitrojEHrt-e, fjiac I strntZG I cofiis, G I s 

>GI ctLTt. Gl s=GI ct LXt. G I s < 
G I c i:L-Ct,J:L>. 

[0 0 3 0] G I s >G I cX-hHlt, fJIS^B^OJS 
<i9i£«llcfclt^ffIgH±gn->->iU KBi:|frlBTfil5->-;U K 

BracDffiJiiii, ttiti3'mmizmu^mmztsmiitiiz± 40 

[0031] Gl s=GI c X'&Hli. SfFiet^BMroil 

SPS/-;!- KBi:MIETSP->-;u KBHWSiSt (4f -v 

[0 0 3 2] G I s <G I cX-htl\t. t>I^^JSf^<Dm 
fli|)fi^l^fc(t§fIIB±ffl5v-JU KB<i:flflKTSlJ->-;u K 
BPelroffiStli. «!llB^BISI=«'EC-5^1lSlcfcM+4friIB± 50 



fi) J:y'^$l^. 

[DO 3 3] *fc. *f6BBi*. sfi±f-. «^4«^^)!)^c, 

'S-STSBv'-VU KB<t, Cfl)Ta5->-;u KB±l=aB* 
*l•5)l«^tt*t*^A^b;S■5T95=?•V•V^Bi, S!$«1± 
B. |irlB&!£^tiB.ba}^mi@d{fi#i=<^ym^b^i^iA< 
S£$*v«S£ttttB. l^«tttr^B. &Xfmitti^9i-m 

mmztdLm-Wa-r^yj-m^B^mL. fiiBTSB^-v 

•v:^B±l::aB*+i-5^BMt. S5ffi7 'J-«14Bro» 
firlH/\- K/^-r r;?.Blc«ti:-5fi11l-JBJS$*i,fcl5IB^ 

^•vT^Bir. fIi5-hSP^A";'7>'B±lcSBS*t«»tt« 
t. Jfe *±ffl5 ->-;u KB i: ^*-r -SffiSHt ai^^lc S3 

fcl*fIE*BM«)ia5fill«a«l^, h^-^/^ra^rSKcBfJt© 
^IPi ^ it-CJKia ;^ 'EE -2) ®1iBA<« 

iiftBaB**ifcta>-cfcy. JiBwflSBisi:f(Fie-*j 
[0 0 3 4] :^nmxit. mt&-p'j-m\ts<omit:^^ 

K/W 7'XB^fflL>-C. ffirE:7y— attB5*«E<bU 

[0035] L3!l^L. /\— K/<-^TXB^fflL^-5i:. C 
K/^'f 7'XBI=a'EC-Sfiai=|tIE««8|!$JKJl!tL 

'S:<Ti±'St.'i<'Ef itriB^BffifljsstsfrEm^gn 

[00 3 6] *i6B^-ci±, ffifa«fiiSP& h^-;/^it®:^isi 
(cm^ro p^p ^ It Tfi^fiE ^ tufc - *t <oms A^ c. s m 

SSA<«SlBSB$:Hs ±BromfiiB(S<!:ffJE->!*ajm 

ticjcor, frE#BMjfi^lcfcL^-cl^f^Em1sgB$Sl 

<ff$jaL. |trE^BMA^t.Slttfciz^-e. flffimSB 

[0 0 3 7] «£-3r*«?B-eii, l^rE^BM^ft«l=fca^ 

■C#, C(0Sg±lrt(rE±a5iP-Vv:'B*<?itlllCff$^* 
;h-5<fc5(--e#-2)o •T'S+J*.. ffIE±Silv-;uKB<tS9 
ES«B^0)fBl(7>mSie<lS$&$J: y«illl=R&JJ:-e$^ J: 

[00 3 8] >Ecfc\ S5E/\-K/WrxBI±. MEi^B 
ISfiflWfiiJnS*^ fIE:7y-1«^±B®llSi:ItlSSLrL^ 

'Ec -5.^151 nmJaTa)/<-<T7.TttbB$^L-C*>tlSlLr 
fltlE/\-K/W7';^B<!:BtFEZ7y-«ttBA<K 
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[0 0 3 9] mi&^tSLm<Dmmait±m(o'z'mm 

[0 0 4 0] *«e^-e(i, fJIBaasottffiJBO) 
BKcD/N'T h:^ia]a)SfTig$J;y§<-r-5>ci:i=j:y, 
[0041 1 8ire«&iB(oa«s<o?«>, mk^ io 

a. Rh, I R u a)L^■r*^-*"' 1 a*fcl± 2 aei±.$- 
t^;<D/J^*l^C r . Cu. Au. T a (OLNTtvAM igSfc 

[O0 4 2] <^X(f. ^^UK^-V^ 

*j^u-37^ i^alc•^L^rla 2 7 ■&#f!a L c>8Silflr 20 

^ o 

[0 0 4 3] sB^J«(*±lC»Sl1^ltB^-?-Rrom^-i|gJ:y 

tils/Sroie^ h ^ -$7 iiewwroiB^ h ^ ^ -eti^* 15 
;7is:^is] (x:^is]) i^^s^-a-r. ffift^ffim^rois^ 

■£.0 

[0 0 4 4] C<Cai|£jgS<DS±jSJK^M-Si:. IB^K 

[0 04 5] ||*3SEff$±fl)S*tb^)j!)<S:*;fflro5 0%i: 
P a At^iil P b l=^(t X|i^:a)5Eijg$, 
-^^liiSP c, jSPdir-r-S, ^P c .b^.P d(Ora<0 
ieg!iA^^Pa<!r^Pb^1(DSg!li (#M>|ig) B<DM;f)<% 

[0046] **B^(0aSi1^tUm^=^a)iSjt?3Ji l±. 40 

(a) ttSilcTSPv-^U KB. TU^'vvZfm. Alf 

(b) fJIB^SM-hl-. UvX KB^J^jS-r-axgi, 

(c) 85fiH*BBI<Z)fH5Ui?X hBl3<fco-cS*5+iTl.^ 

'ttU>^JU^N')-5XSi:s (d) «!rSB^)l^l::fi'Ef-S^lS 

(e) «jyiii^Sl5rojKj$$+Lfcy :? ^-3^:7ffl<z)^vx h so 



B^MiB^B^ai/fifsm 1 nmm±\zm!&-t^^m 
( f ) f^rleste®^£^al:^(Sll^siLBr£o^lSA^^,s 
frtB« 1 mffiB± (cm 2 (dqaib $^M-r « xs ^ . 

(b) «frl5'J 7 h;l-z»fflOUvX h-H^KES-r^xg 
(h) ME^BM&l/m 2 m«IB-hlcJigP4f :^ 

B^fiEKf-axgi:, ( i ) wtaJiSP^vv:?B±ic± 

aBi/-;uKB*JifclB|-r*XSi:. $*-r«^i:*4*ai: 

[0 0 4 7] friB (f) ©xgizfcit^Mismso^jt 

iKrIH (d) ©XSIzfclt.5RlfS<Dfljej:y*#<K 

^L, ME (f) fl)xg(z^Jl^T, frEmimfiiBoK 
J: y t m 2 ©maBomff* js < -r ■& c t l 

[0 0 4 8] ffirffi (g) roxsi: (h) roxgfl) 
FB1lzfcL^T. ( i ) wyai^asrojKiSSixfc'j y 
ffl<DUv?x ^®^fIEi^BM±A^t,^Bllc^Kfi^^?ttfc«3a 

Ba>Q:SBa>5«>fiJiB<0««B±l=AMt-C]i$«L. HI 

ES±BromffiB±l=*f.l^Sil©mffiB^. BtlES«<0 

[0 0 4 9] /ifc. flE (j) roxS(c*5tN-C, |fFE»I 

fresii(D9«Ba)Siv$, MEsucomaBa) 

[00 50] *fc, flilE (f) roxgirSiTE (g) OX 
arolBI. ffiffi (g) (OXgtmffi (h) (DXStDlffl. * 
fciiME (j) roxstitiE (h) (Dxgroralc^5L^ 
-c. (k) itiffifkTB<oiiMBJa^cD±rro®ftB<o 
±® * a 5 jfiliB -sxg ^ ^-r « c t L 

[005 1] *fc. fltrE (h) rox^i^E ( i ) (7)X 
BW5*.«TB03«fliB±<O-SPi:a'S:-5filSI=. «iy 

i=flfiEfiTB®«1lBKi«troB«H-ta>^rro«ta$a 

[0052] flE ( k ) (0XSfi.t^/XI*S5ffi ( I ) © 
xg$:fr-5afi«Saim^roSi)i:Sj£l=J:oT«JJlE*+i 
fc«Stttlljm^-l±. tflESTB<OllffiBJU*1-0SffiB± 

ro:i;-cro^JsE^g3i^i^BA<»J)S^4xi)OTT-, HjSlih^ 

■y^i|iS-V'S^/<;u;^'ie (PW5 0) i-S&WLtti^&i^iz 
i3l^r, fiitK±8Bv'-^uKBtB!rffiS1SBto)raa)mft 
W^SS^J: yjtuizR^ih-e^^o 

[00 5 3] :*:«|«T?I*. Sfrffi (c) (DXgfl)^, BtrE 
*BBlroia5fllllc/\-K/<-rT;^B*jaKLfca, BtlE 

(d) 0)XglcJ:oTfrEmi««iB*liE)B|-^--5Xg^ 

[0 0 5 4] Sfc. ME (d) roxsicfcL^r. MEm 
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1 ®8IBa)/\>r h^fSjc^Hfr:^**. MS5^gMa)/N-f 
[0 0 5 5] lUIE (d) (7)XglCfct>T. WIBS 

a*fcii2aiu±<!:L. ^la ( f ) . ( j ) ojim 

u. Au. Taa)l^■r*L3!)^1a*fcl*2afel±t■r^C 

[0 0 5 6] ±iB*«B^(7)«m<^aim^(7)Sit:^ 
ca)*<Dfli*. «a«ia3«T-a)3eah5-y^i|iS36<o. i 

7 m i: ?t»:^{lUiLTI::ia^-r * - L l^o 

[0 0 5 7] ffJfBG I s<i:KlieG I c(7)fil 

G1 c-20nm<GI s^GI c + 90 n m^M 20 

fc-rSH. ^frli. ffrlHG I sct^IBG I o(Dm^. 
O. 6 7^G I s/G I c^2. 5 O ^3ifc"r«Sfflf::K 

[0 0 5 8] ±aiLfc«BH-e. WKG I 8 itffigHG I c 
(7)fi|*G I s>G I ctLXi. G I s=G I c t 
G I s <G I c i: LTtcfct^o 
(0059] 

[*0^o^jfea)ff$®] m 1 fi. *5gBj(Dm 1 (ommcDm 
mvib^o . 30 

[0060] El 1 Vit. T^m 3 3 . J^?iS5ttB 3 4 . 

m 1 (Dm^m^m 35a. tmi^^^mm 3 5 b . m 2 o 

@SSai14B3 5 c;bNf>7^cj:^v>-tr^-f ';;<7 3?x 'j e> K 
^a)@SattH3 5. |fl»tt««H3 6. »2a>37U- 
^tt@3 7 a. ^^^tt*rflS3 7 b. mi 77U-^ttB 

3 7 c;b^^>>^^:^vV-^rT•-^' *><7 :7x U U— ^cd:7 'J — 
iattH3 7. «»H3 8*<aiH**t/=S^JSSTA<J^fiE* 

[006 1] ^SKTOJTBlcii. Sffi (El^i±-r) ± 
11:. 7;^5:^>S:i:0^fe«^4««)^^^t>^^:-5Ti6B (Bl^i± 40 
r) iiYLX. TfiPi>-;uKB3 1 . TSP^-w::^B3 

2*<^M$tlrl^^o 

[0 0 6 2] ^SKT«a)J&5t»14S3 4liI21^X:^|S] 
(cSfiStt. Z(;)!lttlfflJ3 4 b<D±ffi<t@S«ttB3 5 

14B3 7 a(7)t]®|C}g LTC r . T i . M o . W50 M o 
S0tji^\Zj:^X/<^TXTfbS3 9/)<Jf$fiE*;KTL^^o 
/^-f rxTifeB3 9a)±fcii. Cq^ttCo-P t (=3/< 

;Uh-d^) -^^-^i^Co-C r -P t (H/<;UH-'i7P 

ix-a^) ^*?^d:it*-c}^i5£^nyc/\— K/<-<r;^B4 o 5o 



[OO 6 3] y\— K/WT;^B4 0±(C[i. T atj:^(0 

*att««-eji$iaa?n/=*faB4 1 35<j^fiR**i. coct^ 

raB4 1(7)±{C, Cr.Au. Ta,W, Rh. Ir. 
Ru^DL^■rtl7^)^1a*ycl±2a]^JL±. ?S:irt?ff^i«*ixfc 

mimaiB4 2. Azmm^Hxi^^o 

[0064] «lB«iB42. 42{t. ^B^TOMfilJ 

f&istifz-nommt^^u^xi^^o «im*i®4 2. 

4 2±ICf±Cr. Au. Cu, T atjiift^f^fH^tltzm 

2m«iB43, 4 3A<aB^?*iTt>^o m2m*iB4 

3. 4 3(i. mi maiS4 2. 4 2j:y. -j^coaaia) 

[0 0 6 5] ^BST(7)a®. mimSB4 2. 4 2(0 

a®. xt/m2mfiiB4 3. 4 3(oa®fz(i. ±95:^^' 

^>::f@4 4*<iam**l. ±SP:¥^^^>3^B4 4±(C(i±SP 
V— ;U K4 5 3b<J^fi£*nTl^'So ±SPv— ;UKB4 5 

(i. *^^6^t*^^^;(}^i^/.^:^«sB4 6(c«torst^tL 
±spv— ;uKB4 5a>±izia4tffi<75>r >^ 

[0 0 6 6] TSPv--;UKB3 1 . Ta5^^^>3^®3 
2. TifeB3 3. S!iffltttB3 4. @SI«14S3 5. 
«tt*t3|4B3 6. 3?'J-«ttB3 7. «aB3 8. /^-T 
T'XTifeB 3 9. /\— K/^-r TXB 4 O . *Fb1B 4 1 . 

missB42. m2SfiiB43. ±^^^'-jzfmAr 

4. Jiaiv-;uKB4 5. &l/«iiB4 6(i;?./^:;^ife 

-^ss«jfe>s iSf (oaiK fl^fig 3^ p -b X J: r j^fiE * *i ^ „ 

[0 0 6 7] Taii>-';UKB3 1 S:l/±aJv— JUKB4 

5iiN i F & tj:t^com\±*in^mi^xif^m^*i^o ta 

fc. TgPi/-;u KB 3 1 &t/±apv-;u KB4 5f±»<l: 

ii:7b<«^*Ll>o Ta5v-;UKB3 1 :Rt;±a5i>-;u KB 
4 5(i. *:^^^l^cfcor»^i5£^:KTt,ctL^o 

[00 6 8] TSP^v*v:^B3 2. ±ap^-v^>^B4 

4. S.t/^sSB 4 6 l±A I 203Ai>S i 02 3^1:^:0)1^^114 

[0 0 6 9] TidlB3 3(iT a^Cl^:*fflU^r^^fiE■r'So 
JSS^KttB 3 4 li. PtMn^^. X— M n 

(fcfiLXIi. Pd. Ir. Rh, Ru. Os. Ni, 

Foa)l^■r*t3^I^1a*trl*2am±a)7c*■efc^) 

-e. fc-5lM±P t— Mn — X' (fcf£LX' Pd, 
Ir, Rh, Ru, Au, Ag, Os, Cr, Ni, A 
r. Ne, Xe. K r <7) L^•r^K?&M 2 aJU±a)7C 

[O0 7O] cn^co^^fi. ja^H^tD^^TMi. 
miys<7)®iO±z::^«ig (fee) r'fc^A<. Sftffi^fcij: 

oTC u A u I Sa)MIlJ^0)®iDiE:&1llig ( f c t ) fC 

[O O 7 1 ] JS5t^11B3 4<0MJlfi. h^'^^fSlSlSl 
(D4"0^^ifil:i*5l^-C 8 0-3 O O A. -f^q x. (S 2 O O A tr 
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[007 2] S3S«ttB3 4^Jf^ja-r^fcto 

^^IC^5L^T. P t fe-5)l^^iX*<3 7'-6 3 a t 
ffl•Cfc-5C<!:3!)<^^*Ll^o SJE P t M n 

(*X;b<4 7-5 7 a t %(D«SH-efc^ C <h J: y»*L 

[0073] Sfc. Pt-Mn-X' (OSCTf^^ixi)^ 10 
^fCfclNT. X' H-P t ;b<3 7-6 3 a t %a)«5S"e$) 
4 Lt^o ^tz. SJIBPt-Mn-X' O^T? 

^**l«'&*l:ifcl^T. X' +P t )!>^4 7-5 7 a t % 

Mn-X' (D^-CTjK^tl^-k^i^^l^X. X' /)<0. 2 
- 1 O a t %<7)^£ffl•C&^Z<^;b<^^^LL^o f-fiL. 
X' 3b<Pd, I r. Rh. Ru, Os, N i . Fe<Ot^ 

-rti;b^ia^fc(i2mJ^i±<;)5cm-Cfe'5)S^(3li. x' 
(*0. 2-4 0 a t %OlSH-efc'SC<tA<»*Ll^o 
[GO 7 41 C;Kt»<7)^#$fl6fflU C+l^ JftS&S-T^ 20 

3 4SI§SZ<t;{)<-Ci?*o ^iZ^ PtMn^4fe-efc*L 
tf. 4 8 k A/mJsJL±. -MiLtf 6 4 k A/m$-il8x.^X 

^^g/)<3 8 o"ci:fll^^)rat^fi4^fcs^^af4H3 4 s 
[0 0 7 5] m 1 S£mi$ii3 5 a&t;m2@£«i$n 

N i F e Co. C o F e N i C o F e ^ 

coN i ^#/cCt-iCcfcyji^fi£**L^4,cD-e&y. 4* 30 

ICC o F e ^^^/rliC o (CJ: y ff^fig^tl^S C 

LLNo ^fc. mi s^mttss 5 a3tt;m2@^satts 

[0 0 7 61 l^«tt*mJB3 5 bl*. 

(Ccfc Uff^iiK^tl^^CO-e. Ru.Rh. Ir.Cr.R 

e. cua)5t> 1 S^fc(izti«ba)2fiiii±(D^^-ej^ 

LL^o 

[007 7] ^^ai4«**B3 6(±. @SattB3 5i:3? 
U-«ttH3 7<h<7)««M3S:e^^|»il:L. 40 

m^t<±\Z^iiX^mX'^^). Cu, Cr, Au. Ag^^jT 

*LL^o J^l::Cu(Zcfcorff^jSS?ti'5>C^*<»*LUo 

[0 0 7 8] «1 :7'J-»ttH3 7 c&t/»2:7y-i8 
ttJS3 7afi. §tfflti4*ti|^(::c*:y»^/«*H'5t<D-C?. fl»J 

K.itN i F e Co. C o F e N i C o F e 

CoN \^^tj:^iZ^i)fim^H^i>(0-eS>^). 
4$(CN i F e^^*fc(iC o F o C o F e N i ^ 

[007 9] |^att*W® 3 7 b (i. cfc y 50 



ff^ifi^tl^ t(7)7?. Ru. Rh. I r. Cr. Re. C 

u -3 *> 1 a*fciiz*v bO) 2am±(D^*r-ff^jffi$ti 
Tl^'5)o ^#l3RulzJ:o■C}^Ja*i^i);I4i:;^^<»*Lt^o 
[0 0 8 0] ^mms SltT atjiif^^mi-^XJim^H 

i>o /^<rxTifeB3 9$-iisaflijt*^b c c «*iOiL:& 

1«ie-efc*C r . . T i . Mo. WSOMoSOJS:^* 

imi^xTi&m^mf&^^t. /\— k/W7xB4 oo) 
seat ff^jt A<:^ # < 3^ y / <^ * * * < -e 

[008 1] /N— K/W7'XB4 0(D^BKTib**|^-r 
^fllJ(Dfil]®4 O a(i. @^»ttB3 SOtJ®. 
3|^B 3 6 &t/S 2 CO U -m\tm 3 7a CDfiO® 

irCD^WlRlLTfcy. «1 :7y-«ttB3 7 cCDiMffii: 

[0 0 8 2] /\— K/<-<TXB4 Of±gj^X^[Sl (h^ 

*>^ts:^fS3) icgat^nrijy. /\- K/<-i'7'xB4 o 

7 a<Dmit\tm7jkxy5\^\zm^^tixi^^o 
[0083] 3? y -flatttB 3 7 (i. > ho:^ 

#*)!)Wj:i>m2(D:7y-«tttB3 7 a tm1a):7y- 
attS37c7b^ tm^^mm3 7 b^ifLxmm^ 
4x. S203?u-atttB3 7 a<tmia):?y-»i4B3 
7 ca)?l^b^fSiA^s5}ifi:^;5:^:7xyKttttffi-e&*p 

'j-m^msi a<Dmity5\^t<. /\-k/<-i'7'xB4 o 
ANb«^-r^sai^a)?3[S]fc[S]^. mi :7y-fflBtttB3 7 
comitiji^t^^ 1 8 0JSs^^:&^p]^3lp]L^fcttlB^c^^: 

[0 0 8 4] m2 37y-atttB3 7 aibmi 3?y-att 
B3 7 ca)fiat^fc:*roiA<i 8 0jgii3Q:*s¥fTO3?x 

:7U-^f4B3 7(DMJl^il<-r^C 
lfi^-> > h;!)^/J^^ < y . :7 y -m^m 3 7 <7)i«^b;b< 

[00 8 5] mi 37y-fflBtttS3 7 c(Dfiaiti^->>h 

<h m 2 y -fflSttB 3 7a <Om%=E-/^ > h L$*9 

-ittc^/Siat^^— > > ha)*ffii y -attB 3 7 a)» 

[0 0 8 6] fctfL. @SattB3 5(7)?«^b:^rS]i:(DM 

^r'tii:^ics#-r^a)f±m2:7y-atttB3 7 aoat^b 

[0 0 8 7] /N- K/<-<7xB4 oli. :7y-fiatttB3 

7s«^-r-&m2:7y-«tta3 7 airmi y^j-m^t 

B3 7ca)a*>. -:^(D^ffit<b:^rS]^^ilJ^^f£(t-c?ci:L^o 
isi 1 -eii. m 2 :7 y -attts 37a (Dmitysi^co^^^ 

^^TL^^o m2:7y-|KttB3 7 a(7)Wb:^|pl35<-S 

:;^fS](cttj^bH^i:. mi :7y-fiSttB3 7 ciim^b:^ 
3 7±tt:(7)sa^b?3fa]/)<-^:^[^fc}iii^ib*i^o 
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[0 0 8 8] :^mM<Dmmx*\t. /\— K/^-frXgA O 

[0 0 8 9] HiTM±. iasi^->>h)b<m3S* 
m 1 3 5 a <i:m 2 3 5 c $m 

«ttH3 5^Lr«fl|-r^o 

[0 0 9 0] m 1 SSSSttB 3 5 a (iJ5?t»tt@ 3 4 it 
migl£«1±B3 5a<bj&3i»t£B3 4^(7)^SlC 

B3 5 a(DS^^b:;^fS]7b<Ei^xY:»fS]iz@s^;tx^p mi@ 

£?»ttB3 5 aa>Stt<bSf[Sl7!)<^^Y:^[S](C@S^H^ 
*«tt*raH3 5b*i^LT«lPlf«S2HS«tt 

s 3 5 c omity5{^fi<. mum i @£«tttH 3 5 a a)« 

[009 1] ZKDcfc^fC. «1 @^lltt)l3 5 a 

O-C?. ±tt:ibLr@SattB3 5(D«{b?D[Sl^-S^|fil 

[0092] UtS. % 1 aSSBtttJl 35a 
> h ib» 2 SS^KttH 3 5c <7)Kft^-pt > h L$ 

> ha)^rpi)!i<@s«ttH3 soot 

{b:&[S]ii:3S:'5o 
[00 9 3] 01 -eC*. mi @SM14B3 5 aXt/m2 

[00 9 4] m 1 HSi«i4B3 5 a &i/m 2 as 

«ttB3 5 c(7)a^«^biz^-5sfflti^ 

^ . m 1 asatttB 35a ^ti/m 2 a^istts 3 5 c co 

l*«*|g^l^±A<«SlzfT*.>B L^3 C i: |c J: y > 
-tr;u-e^^o ::4ifc^tj^ aSSSttB 3 scDasm^blc 
cfc^JSatS A>^co. ^'J-?KttB3 7(7) 

[0 0 9 5] t^toT. 37U-«ttB3 7<D^l!lffltiba):^ 

[0 0 9 6] Kg-<hii. n^ai:^?:^ 

H^tii :?Dj]Si^;b<$^ ft^ttlcStir L^ ^ c <!: (c ^ , 
[0 0 9 7] S55H7V» h'J-|±. ^y~mttB3 7 



(D^^b<7):^fS]iaSS8ttB3 5C0a£«K^b(D^fS]<!rA<E 
3ELTU>>5<t^(cOii:5ti:*o 7i^>> hU-;b<X#<r 

y * i> t i:\ If ^<i-^fflisa)<i®ttA<isi±-r 

[0 0 9 8] @S«t4Ba)a^Wblcj:*S«^ 

:7 y -«tts 3 7 1^ fc It 4 maE^b;!)<i* If b *L ^ 

t^^itK B£atttH3 5*±Ea)aB«jti:-r-5Ci: 
(3 J: y )Rfli^«»H d * H d = O ib-r^ C i:/)<-e 

ZtLlC<toT7^y-SBtttB3 7[^(zm^;b<-e^Tsat 
^bO) ~ L / / N 't? -tf > -/ ^ ih* /)<a§±-r 
-5 Z <t S l»JJ:-r ^ C <!: 3{)<r* ^ ^ o 
[0 0 9 9] miSaiB4 2i:/\— K/W7'XB40<b 
(Dfellw. T a^fcliC r A^ b ^ST-S ^relB 4 1 Tb^^lf^tl 

^it. Sftffitk*i»Cci:;!)^-e^. /\-K/WrxB4 0 
20 (om%^^(0'^\t * i»ih-e # -5 o 

[0 10 0] m1mfilB4 2i:LTTa^ffil^-Sii^^Z 
(i. C r(7)4iFBlB4 1 ^KCt^Z^ICcfcoTC r <D±B 
fcaB**I^T a<7)effi«igSffiSttCDt*:/(>lL:&«itlC 

[0101] ^fc. mi m41B4 2 LTC r 

T a<D*Pe1B4 1 ^iSlt^CchlZ^iiy . Cr 

[O 1 O 2] gl 1 tlfc^^«l£lim^(i. l^ipy^^ 

xe>/^;u:/M«asit±i^'?^r'fcy. a^ffltttB3 5a) 
30 Wb:srfi]}b^ ®jEic@^Y:»ifi]fcs|ifT3^j::»[Siicas* 
L7!)^^,:7y-^ttli3 7c7)m^bA<®iEiziiijKx:^fa] 
ic}i}^bnr*>y. a^^ttB3 5<b:7y-attB3 7 
<7)fflt^b3{)<a:3£^^icfc-i,o ^LTlajt^s^**^^>(7)^a5m 
*lc54L. :7y-lKttB3 7a)a<b;J)<®Sfi<^iJiL. 
;::(D^<b:^[fiicD^K]^. a^SBtttBs 5(Da^m^b:^fSi 
<b:(DgB«t:SSSffi;b<^^bL. C(75maSfiifiia)i[jblc 

[O 1 0 3] fcf£L. maStafil<02E{b (tli>3) ditS 

40 »-^-r«a)(im 2 a^attts 3 5 ca)at{b:^ifii<!:m2:7 
y-fiSttB3 7 acDa^b:^fS]coffl^ftT'fcy. cn^co 
ffi*t^ ;b<^^tii m5S;b<iim * T L> ^ tt® 

EPiD **LT -eili^ L T l^ C ^ L l^o 

[0 1 0 4] *3l!fi<Z)ff$ffi-ett. miSaiB4 2. 4 2 

<tm2mSBB4 3. 4 3 7b<2BIS3t<7)m*ia5$-ff^iSLr 
L^^o mi mfilB4 2. 4 2/)<*«gB^fCfc(t-5)gTB(7) 

m«lB-eft^o 

[0 10 5] ^y-r. *:||Jtea)JF^®rMi. mi mfiiB4 

2, 4 2 <tm2m*iB4 3. 4 3 0)5*.. ^TBom 1 

50 mffiB4 2, ArZCO^tmta^^^S, S(Cfc(t'5±a5 



(11) 



4$BS2002-280643 



KB4 5i:T9->-;uKJB3 1 ra(Dffi«$G I o t Lfz 

t^\Z. llrEG I si:G I c<7)S(7)fS$. ^^^ai«^ 
<7)||S(] h^'^^'tSE-T wA<0. 1 7 fimttJi^mi^T 
tU^h^olz&'&LXl^^o Sliaih^'>^*SE-Tw<!: 

h^-y<7iiao-T w}b<0. 2 |/mJ5JlTl::*^«h. E-T 10 

[0 10 6] *tt:fl<)fC|i. miaG I s tmtd,G I c(7)fg 
G I c — 20nm^G I s^G I c + 90n m^M 

MffiG I SibttrlHG I cOfil^. G I c-20nm^G 

I s^G I c + 7 onm^mtzrm,m\zWL^-r^:ztx* 

fc^o *C,(c»*L<f±. mffiG I sirffiSEG I ctDfii 20 
Gl c — 20nm^GI s^GI c + 30 nm^M 

[0 10 7] itriaG i s tmiBG i oom 

O. 6 7^G I s/G I c^2. 50$aifc-r«5B 

s ibMIBG I cCDfil*. O. 6 7^G I s/G I 
2. 1 7$jafc'r«5Hl::K^-r^C<bT-fc*o 
^L<fi. ItJlBG I s<bfIlBG I c(Dm^. 0. 67^ 
Gls/Glc^l. 5 0S5Sfc-rteHlCig^-r-&Z<!: 
■e&^o 30 

[0 10 8] mi (i. ±5nLfcf5IHG I s ^MIBG I c 
(DmommXs ItJtBG I sitfillHG I cCOfii^. G I s 
>G I c i: LTLN-So -rti:*:)*). m 1 M^M^ 2(0±m 

[0 10 9] Sg 1 mfii®4 2. 4 2fi. ^®^T(Di35Sl| 

lcB^^^LrlSlt^bti-cl^^(7)-c% mi mfii®4 2. 42 

a>^i!:M>&:^«iSslcfclt'S±fiPi>-;U K)14 5 <tTfflJ 
v-;uK@3 iP0ia)5§«|G I sf±. ^@^T(7)r^tJifi€l 

ICfclt-SJifflv— ;UKIl45<i:T«Pv— JUKIi3 1^(7) 
iilStlxaCitlc/cC^o 40 
[0 110] ^)SKTa)Mfi0i£«fcfcit^±a5v-;uK 

±gPv— ;u KJi4 5 itTSPv— ;u K® 3 i cDm^m-o 
-r<<cy. IISl!ih^*:/^*gE-Tw;!)<>^^<<f^o "T^f 

-So 

[O 1 1 1 ] m^^. ^^E-^-Scfcaic. ffllEG I s <b:G I 



i|iiE-Twt:fe^<^i:'S)o 

[0 1 12] *i^mmmx'\tm^G i s i:G i co)^ 

iMa)SgSi3b<:fc#<3&:4zi:*}qiit. ';/^tSE 

[0 113] fzfzL. ^mmT(ommi&m\ztsif^±s^ 

v-;uKB4 5<t:TaJv— ;uKB3 1 ^a)SgSf^/jN$ < 

at* «*&-r-5» 1 m&m 4 2 a)ffiji^» < -tiiS!^st<± 
[0 114] :^mm(OMmv\t. ssispl*. ^bkt 

[0 115] c<Des. ^BffiTa)iagfl(jfi«icfc(t-&± 

ffl5v-;uKB4 5^Tffl5v/-;uKB3 1 PsItDSEgl^/h* 

[0 116] ^fc. ^BMTifiSlcfcLN-c. mimiiB 
4 2ssi<ff$«r*#^a)-e. ^BSTioaSitmi mffi 
B 4 2 <omm 42atiz^ o T j^dt **t^as d < 

X^^o («oT. ±fiP^'V*:/3>'B4 4(7)Mll*/h$< L 
B«SP L t <Dm(0«»WS»* cfc y fltUfcBSih-e # ^ J: 

[0 117] /cffc. ^mmTmrnizw-'^t^w-mtrnzm 

T^Slz^FfTJ^cf^FOairmi mfii®4 2C0MiS^a5S^® 

^;b^?£j:-r^sa 2ci:y/jN^t>o ^fz. m2mfliB4 3a) 

2fi. mimfiiB4 2(DMilt 1 J:yJlL^o 

[0 1 18] iii2i^. :!|s^%^(7)m2(Ol|]rga)]^a§a)ittft 
[01 19] zcD^aftSitttB*^*^ m^(omm(orm<n 

SfiiB42, 4 2±(D— ||2®filB4 3. 43± 
<7)±r<7)^ia$a5«ftJSB5 O. 5 OA<^f^fig**LTU^^ 

[0 12 0] ^mmmmx\t. m^mso. s om^ 
ra<D«aMS»*ci:: y iiiiii3i»ii:-e#-5o 

[o 1 2 1 ] :*;|IS£(7)ff$®TM±. mi mfiiB4 2, 4 2 

m2mSiB43. 4 3(7)-3*>. mimfiiB4 2, 4 
2(7)^i:S3tC^««rfcor. SffijtBS O, B O tMtSi 
^tll^^mz1^[-^^±Ui^—)\. KB 4 5 ^TaJ v-;UK 
®3 1 P^a)5gSI^G I s. ^BMT(;)*^c<hm?^ci:^ii 
ai::fc(t^±a5v-;u KB4 5 i:TfflJi>-jU KB3 1 PbI 
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- T w > o - T w 35: SiSffiiTb^fe , 
[0 12 2] mt*:MfC(i. fUffiG I s tmUG I c (DM 
G I c - 2 O nm^G ls^Glc + 90n m^2l 10 

fltlKG I s^tfllBG I c(OM^. G I c-20nm^G 

1 s^G I c + 7 o nm«-jafc-rSEHi:iSS'r«::i:-c 

.*-5o *blC»SL<l*. I9IEG I s^flffBG I c(Dm 
G I c — 20nm^G I s^G I c + 30 nm^M 

[0 12 3] fei»l^l*. miSG I 8 ^MffiG I c<Z)fii 
O. 67^G I s/G I c^2. 5 OS-jafr-raSH 

s tmUO I cCDffi*. O. 6 7^G I s/G I 20 

2. 1 T^iSfc-rteHizifes-r'S-^T'fe^o ^bic» 

*L<I±. MIHG I sirKJiSG I c(7)fil^. O. 6 7^ 
Gls/Glc^l. 5 0^jafc-rfiSfflf::KS-r*C<!: 

[0 12 4] *|ISS<7)ff^B'C?=fei. MtBG I s ^G I CCD 

3 iFB^a)SgSi*<:*;^<>^d:>5;i<h:^}q]^. 
E - T w ^ /h * < -r - <b: # o 

[0 12 5] *llJfia)j^ffi-et. BffigPL*. ^ 30 

BfliTifcfilICfcL^rli»L^m1m^®mjl<hL. ^Jl^ 

fcm2msis*aii-r'S>ci:izj:orx^< L-ct^'&o 

[0 12 6] ZCDSS. ^BISTa)MJifi«l::fcMt^± 
SPv— JU KJl 4 5 <t TSiv-^U KH 3 1 rslcDSEKt^/jN* 

[0 12 7] ^fz. ^ji^Tifi^izfeuNT. mimfiijs 

4 2^ai<ff^iS-ei?^a)T% *®KTa)Sl®i:mi Sfll 

)B4 2<7)ffl®4 2 a t Ic J: •:3 Tfl^fiES+L^SS D < 40 

-e#«o «-3r. ±SP^-V'y:^H4 4a)KI?^/jN*< L 
Tt. za)^MD±f~±a5:f-v^>::^S4 4;b<«t3lizff^jS 
$ti^^ai::r*^^o f^ir+P*). JifflJv— K® 4 5 

[O 1 2 8] 113. gl4. El5(i. -€-*l-ftl*«gBJa)m 

3. m4. «5a)|l86(7)JK»a)aSl«l£i5*^*fS»««: 

lb <z) jptis]®fflj Ax b ^fcKrSia ^ o 
[o 1 2 9] mz(Dm%,i£k^m=i-tmz(nm%i^\hm'^ 
i:a)^lL^^i. iii2T'ii. wisg i s<ti5i5G I c(D{i so 



G I s>G I o t\^Xl^^O\^n\^. ll3rMiG I 
s=G I c<!:Lrl^^JSO^"efc^o -r^C*?*). E! 3 "C 

»T)Ba)«ffiH-efci)miK«)»4 2a)±®4 2b 

[0 13 0] iS4(Datftttm%^ibiS2(Datft^ttjm^ 
<ba)itu^(^. ia2'ef^. ffiri5G i s<bfrtBG i oom 

G I s>G I c Lrt^*(D^zJ^t Ls ^4-eiiG I 
s<G I c <b Lrl^'&i^5a)^T?fc^o "T'St)*). lH 4 T* 
f^. fiTBtDSSB-efe^m 1 «fllB4 2 0±S4 2 b 

A<*BMTa)a®T 1 j:y. (H^yjr«^|b|) re 
[0 13 1] a5 0«««ffiiR^fcii. ii2(Z)aattai 

m^lzfclt^Bl mfiiH4 2. 4 2;()<ff^il£^^^Tl^^^: 
L>o ^5a)«Ka*^dim^-C(i. /\— K/<-<TXS4 o, 
4 03!)<*«^lcfctt^g-FBomfiiB*^terfcy. /n 

— K/WrxB4 0. 4 0±ICfiCr, Au. Ta. 

W. Rh. I r. Ru. Cutii^X^^jSi-^ilXfz'm2m® 
S43, 4 3)!)<«B**lTL^-5o m2mfilB4 3. 43 

(i. /\— K/<-<rxB4 0. 4 0j;y-*KDaffi<7) 

[0 13 2] I^BMTtDS®. *Fb1B4 1 0)*®. ISlU 
m2a«B43, 4 3a)S®IZ(±. ±a5^^*y:^B4 4 

K/<-rTxB40, 40±(D— aj^t. :^2BfiiB43. 

4 3±CD±TC0^1|£^g5lfeitB5 0, SOmm-^iCl 
■CtN^o ±Si5^^'y:^B4 4&Z/lfe«B5 0. SOjlIC 
li±gPv-Jb KB 4 St^r^jSL-^ixXl^^. 

[O 1 3 3] T^cCfc. /\— K/^-f 7'XB4 0, 40i:. IS 
2B11B4 3. 4 3A<affia5L-Cfe-5o 

[0 13 4] f^n. m 1 A^^Ill5lCiT^Ly--^ffi(DJf$Sa) 
^Sl«iaimTrMi. JS3S^Stt®3 4<7)**ffl55^^lC(i^fe 
gP 3 4 a;5<ff^jS^:a. ^^35 3 4 a (7) *>>>*i:&fa] 

^i|"§*rfilJCfi<Sl/^]SdJfiP3 4 b. 3 4 b3il<JKfi)c**t 

[0 13 5] JS^iatta3 4fcSd3SP3 4 b^ff^figL. 
ZCDHttiSPS 4 b(7)±(C/<^TXTifeB3 9, 3 9 

LT/\-K/WTxB4o, 4 o^aB-r-saitTMi. 

miB/\-K/W7;^B4 0, 4 0$. 3?y-ili4B3 7 

[0 13 6] ZrfiL. El6(c^*+i^J:5(c. JS5ifiSt£ 
B3 4(rMdi»3 4b/)<ff^j«**t3Ei:<r*,<tUo 

0 6 fCfclNT. TifeB 3 3 3{)<JS5tmtt® 3 4 (DT®OJ^ 

icJSLTif^iaS^x. /WrxTifeB3 9;!)<TaP4^-v»:;3^ 

B3 2lCltgjt-r^«it«t LTt,cfcl^o 
[0 13 7] ^fz. m 1 ;{)^blll6IC^Lfcg|Sfe(75ff$®(D 

am^dim^rMi. /\— K/WTXB4 oco^BMT^ 

>PffSH|lJ(7)fllJS4 0 a (i. @Si»ttB3 SCOfliJS. ^^ffitt 
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i:^iS^fplL■Cl^3S:t^o titzL. S! 7 Iz^fcfc 3 f::. ^n— 
0(75{|IJ®4 0 ali. S^^ttS 3 5 (Dfifl 

a . i^fitttt^feiB 3 7b. &t/as 1 a):7 'J -flattjs 3 7 

[0 1 3 8] S8li. *«^(7)m8(7)||J6(Dff^S(7)»a 

-So 10 

[0 13 9] ll8fZ7KSn^llS6<7)J^^CDSSfl<tdJm^ 
li. SiaaB4 2A<. ^SKTCD^ffi^lSd, 6±\Z 

[01 4 0] /\— K/<-i'7'X@4 O. 4 0;^}^^(DX^^Sl 
^ X ^ ffi] X. t> *L r l^ ^ o 

[0 14 1] tz^x*ms\z7ik^^'^\z^mmT(D^^ 

[0 14 2] SS^HKETMi. S^^tt® 3 5 omit 

miEizmTrizyj^^izmm^ti. Lt^^y'j-m\tm 
3 7<omittmiE{zm^xy5{^\zm^ih*ixtB^). as 

3 5 1 37 g 3 7 aJS^bjb^aSBaffil:: 

B3 7(Dm^b3i)<®jgfi<^iijL. za)«<b:^rS]a)^iS 

t^mtL. z<om%&iiim<D^it\z&-5<mKmit\zj^ 
[0 14 3] 'tts:t>t>^mmT<om&mmE{ts msw so 

(C^mfita5am;5<^»**L-5SP»T'fey. Z(0»^XA 

mzm±wtmtm<o 

[0 14 4] zHizt^L. ^mmi^Eommizi^im^^ 
^ffi««d. d-efi. asatttS3 5st/:^y-Mtt)i 

3 7Coa^k*^ /\— K/<-<TXB4 O. 4 0;^)^b(D^^fc: 
cDjKS^&3i<S»t. ^U-att/l3 7(7)^^fc:(i. .^gp^ 

d. di±. »sisajaiS)!)<p<. s±aifii3s»<«TLfc® 

[O 1 4 5] SB-eii. SlSffiB4 2)!l<. ^BffiTCD 40 
^SfMHtd. d±IC^T*Ml^^;Krft^^a^tLTL^'5>o c 

-r7X)i4 0. 4 orc3S;Klc< < /ci:y. i'x— K/<-<7X 

B40. 4o*^^*rlc. sjt^BffiTiz. ffjK-bvx 

aaE^aE-ri»j^$-^<T*#. L;bNtmimfiiB4 2, 4 
2^:f^^mm.6, d±\z^xm\tLxmm't^zt\zj: 
y. f^BMTi:. miB«iB4 2, 42t(om^mmi 

:K^<ts:^tzi5bm^i&mm (DCR) ^T\f^ztti<X 

[O 1 4 6] miaSB4 2. 4 2/)<^®^l|E 50 



d. d±(zIliS*;KT}f^J$*;K^<t. -fe^xmsSA^^lS 
^HSd. dlcastiii-s^y^rX^^^S-t^-Sz^^jqi^-g, 

[O 1 4 7] iHQli. *«BJ(7)m9<75^j6teOff$SI<7)fflta 

[0 14 8] ia9fZ^*ii/c«ftStB«-=f-"Cli. /<-fT 
XTifeS 3 9. 3 9 S3t«SttB 3 4 (Dl^tligP 34b 
±^za)^j£K*nTt^'5o «eoT. /\~K/WTAB4 
O. 4 0li. ^BKTiH<Dfl!l®4 0 a. 4 O a ^2 

:7y-«ttB3 7 a(DfliJM<tE}S}$LTt>'5o -r-Sxb. 

/N-K/WTXB4 0. 4 0*!:m2:7y— «ttS3 7 a 

t<m9itfyizm&»ttj: y . « 2 y -mtts 3 7 a (d^ 
sa5fc^3t^TJs«»)b<«^■r ^ z t i:Vf3<:ztt<x^. 

[O 1 4 9] /<-r7'XTifeB3 9. 3 9 7!)<. ^BM T 0) 
fflffi±(Zj^fi6S*Lfca^Tt. K2:7y-«ttB3 7a 

1 y y -^ttB 3 7c (Dail®±lcff$/S$tLJ5:ft4x 
tf. /\-K/W7xB4o. 4 o^si2:7y-atttB3 
7 aa){Hs^iHS}$jtt^tbt,*i'5>o 

[O 1 5 O] Sfcfi. /\— K/^-TT'X® 4 O. A^Otm 
2:7y-«ttB3 7 a <i:<7)raiC/W7XTlfeB3 9. 3 
9;&<f^j«*+ifca^-^t. /\-K/WTXB4 0. 40 

9(7)Mll7b<1 nmmTT*fetL(^. TXTifeB 3 9 . 

3 9iz±i:/ce>7f^-;u^ili:r. /\— K/^-f r;^B4 
o, 4o,t»2:7y-»ttB37 a)b^maiwfcatt<*i: 
/ccy. m2:7y~-»tt®3 7 aa)flMSP^zfcl^rs«* 

[0 1 5 1] la3/c^:l^L0 9a)^Ka«a^*^■ct. st 

BOm^B (mi mi^B4 2. 4 2^/i:(i/\-K/^^T 
XB40, 40) ||2m^B4 3, 4 3CDa^. § 

Tmcommmo^tmts^mi^x&^x. mmm^o, 

5 0<tS^i:t)35:l^^ias 1 . S 1 Ic33lt^±ffllv— ;u K 
B4 5<tTgi5v— ;uKB3 lfe1(D|g?6t^G I s. ^mm 
T<D**Ci:M<*:^<S[aicfclt'g>±$Pi>— KB4 5 <b 
TSPv— ;bKB3 iraa)i£SI*G I ctLtzt^iz^ m 

h^^V^ffiE-T wjb^O. 1 7 /^m^&^filJsXTlCKS 

LTU>-5o Sljaih^*y^iiSE-Twi:i±. UraiLfc:?;!. 

ji^}ii\zj:'oxmmf^o 

[0 1 5 2] ftttiWICli. fllHG I SitftJIBG I c(Dm 
Gl c — 20nm^GI s^GI c + 90 nm^M 

f::^mm\zm^t^z tfi^t^f ^Li^o j:yj?*L<ii. 

liJIBG I s irltrlSG I c<OM^. G I c — 2 O nm^G 

I s^G I 0 + 7 Onmt:Mfzirmm\z^^ir^ztX 
fc^o $^b(cjif*L<(i. fllBG I siriniBG I o(0m. 
Gl c — 20nm^GI s^GI c + 30 nm^M 

fzr&mizm^^^ ztvs>^o 
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[0 15 3] fc^>t^^i. MIBG I s tttl^G I c 0^ 

o. 6 7^G I s/G I c^2. 5o^mtz-tmm 

s^tfrlSG I c<Om^. 0. 67^G I s/G I 
*L<li. MIBG I s^tfliEG I c(7)fit^. O. 6 7^ 

Gis/Gic^i. Qo^Mfz-rmmizWim^^zt 

[0 15 4] El3?^l^Lgl9(Z^$;^^fc|g^6<Dff^ffi■e 

ffilEG I s itG I cCDSCDffi^fl^fSCDfltJslT^-ri) 10 

KB4 5<»:T«Pv-;uKg3 1 PflCOiEjitA^X^ < C 

[0 15 5] ^fr. *^J£a)ff^ST*4,. mfiiSPL^. ^ 
iSMTJfte^lzfct^r^is^L^m i mffie*fci±/N- k/<^ 

mim*l®*/cfi/\-K/\V7XB±JzK2 

[0 15 6] zoi^m. ^mmT<ommi&mztBif^± 20 

SPv— ;uKB4 5^Ta5i>— JI/KB3 1 fBlcDff&Si^/h* 

[O 1 5 7] @l3S:l>LS9(D3IJfi<D}i$ffi-Cfi. :7U- 
^ttlS3 7CD»^b:^fS]^-S:&[fi]fctBy^'Sei:tia)igu5t 

»tt«*43«)^t.?5:^/\-K/WTXJi4 0. 4 0^ffiL^ 

:7g-«tt)B3 7S*«E^bLrL>*o 

[0 15 8]-fiSfc. /\— K/<^TX)S*^LN^<b:. Z 

[0 15 9] *^B^T'ii. ^SMTifi^{cfca>rmfiia5 
L^aKfl$jSl?*^(7)r-. ^BKTa)a®i:S«llFPLa) 

D±[z±g|5^-V :/B 4 4 ;!)<?fi||lzjf$ji£$;K^ J: 5 izx 
#€)o -r^art?*.. ±fiPv-;UKB4 4 4bm«IWL<!r<Dra 

fc\ !e:^*rLtifiEG i stm^G i c<ofii*±iBms<o 

fllJaTlcL>5:<Tt,, ±SPSx'-;uKB4 4^a«igPLi: 40 
[o 1 6 o] (Hi o(i. **0^a)mi o(7)||J£cDfl^Sla) 
[0 1 6 1 ] la 1 o^c^^^^y=^a««ldlm^^±. ^bm 

T23&<01 ^i:U^L^9lC^F■r««8lmlR^(7)S^BKT(7) 

mBa)ifii#^i£iz$;fxfcta)r-fe^o o^y. mi or* 
li. TifeB 3 3 (D±iz^ m^y^j -m\±m 3 7c. p« 

ttE*=rBlB3 7 b. ^2-7';— «»ttB3 7 a A^^>^i:-5v> 50 



-tzT^^ ^>^:7x'j:7'j-li(D3?u-?H±B3 7. i^mtt 

*t3^S3 6. m2(7)@S«ttB3 5 c. |^mtt*MB3 
5 b. Si <7)@S»1±B3 5 a*^b?S:«i/ >Hr 7^ -r 
^ X 'J e> KM(7)@^^ttB 3 5 . SamttB 3 4 . « 
»B3 8/)<ajSLT«B3?*trLN«o 
[0 16 2] ZO||J6«(Cj3Lxri±. ^BffiT2(Z)«1 
:7 ij -«ttB 3 7 c I±. JR^«ttB 3 4 J: y t TlS IC}^ 

jS^^trfcy . /N— K/WTxBe 1 . 6 i (DMJ5(7)B 

L^fiP5i^i:K^SLTfcy. fitoT 7 U -ifittB 3 7 (7)m^b 

[O 1 6 3] TifeB3 3(D±®<!:S2(D:7'j— «ttB3 
7 a<Dffl®(CftUTC r >S:^*lC.fcoT/<^TXT*B6 

0 7!)<^^fi^*^^Tl^^o /WTXTtfeSe oa>±i3fi. « 

iLlfCo-Pt h-S^) ^^-V^^C o ~C r - 

[O 1 6 4] /\— K/<^7XB6 1 ±(r(i. Ta7S:<t*<^ 

raS6 2(0JilC. Cr. Au. Ta.W, Rh, Ir. 
Ru. Cu?^j:<t*-eff^filc**lfcmi«ffiB6 3. 6 3/)<i^ 

[O 1 6 5] mim^B6 3. 6 31^. »BffiT2(Dil 

^^/i:->^a)m^l*^^^^:-^rl^'5>o mim®B6 3. 63 
±fCliCr. Au, Ta, Cu. Rh. Ir, Ru.W 

7a:<t-ef^jS*+Lfcm2««IB6 4, 6 4A<aB*4xTU 

'5om2m<lS64. 64(i. mimffiB6 3. 6 3<i: 

y. -n<Dmm(D[-^v<7^y5\^(Drnmf^^x^<^*ix 

[0 1 6 6] ^BMT 2(7)^®. m 1 mfliBe 3. 6 3 

COS®. 2^i;m2m«iB6 4, e 4c7)s®(c(±. 

■v*>:^B4 4;{)<ji£M^;K. ±a5^-v*:^::>'B4 4±lc(i± 
SPS/-;UKB4 5}&<fl^^«*:♦^rL^-5o ±6Pv— ;uKB4 

5f±. *a^ftj*«»;5^^,>^^-s«slB4 6^cJ:ora*^tt 

[O 1 6 7] /N— Ky^-f TXB6 1 (±. :7y— fiai4B3 

7 ^isjfi^-sm 2 :? y -m\±m 37 Btm^y^j -m\t 
B3 7cO)^^. -":ScDa^b^^Rl$^^^x^>r£lt■e<i:L^o 

01 OXlts /N— K/<-<TXB6 1(Dfi!l®6 1 ati<^^ 

y y -MtttB 3 7c (Dmmiz<D^$ii^ Lxts y . si:? 
y-^attB3 7 ccoss<b::^[S]G)^^^5^Ti>^o mi 
:7y~»ttB3 7 acomity5i^t<-^:f5\^\zWi^^^^ 

[01 6 8] *l6J6a)fl^ffi-efi. /\— KA-<TXB6 1 

(iEIjj^x:firrS)a)SIW^. i:i::m 1 c;5:7y-«ttB3 7 
oiz^^^o tA£or. /\-K/\VtxS6 1;^)^^)ag±■r 
^^5Fx:^iS](7)Siai^izj:or. m2:7y-flSttB3 7 
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[0 1 6 9] m ocommtktiim^t^i^. STJScosffi 

m (m 1 m^B 6 3, 6 3 ) ^ . m 2 mmm 64, 64 

jt@5 0. 5 0^«35:b<i:L>«|ilSs 1 . s i fzfclt4± 
»i/-;UKjS4 5i:Tfflv-;i/KB3 1 WCDj^K* G I 

;UKg4 5<i:Tfflv-;UKIl3 1 ra<Oi&«i*G I ctL 
tzt^iZ^ WffiG I sirflffiG I cOSOJfi*. atfttt 10 

T ;uife ^(z cj: o r jH^f ^ o 

[0 17 0] :i:{*:e^fZ(±. MIBG I s cbfllHG I c (7)fll 
G I c-20nm^G I s<GI cH-90n m$^5S 

BfrlHG I sihMISG I cOfil^. G I c-20nm^G 
I s^G I c + 7 O nm^jSfc-rjEfflClKS-r^-it-e 
fc-So *^IC»*L<I*. miEG I s^tffirlBG I cOm. 20 
G I c — 20nm^G I s^G I c + 30n m^M 

[0171] I5IHG I s <t«tr!BG I c(Dm 

O. 6 7^G I s/G I c^2. 5 0 S-iSfc-TteH 
izm^^^Zttm^Ll-^o <i:y*f*L<(i. ffirlHG I 
s ihltJlBG I c(Dfit^, O. 67^Gls/Glc^ 
2. 1 7*afc-rBSHI:iKS-ri»c*tT?*-5o 
*L<li. MIHG I s (tMIBG I ca)(l^. O. 6 7^ 

Gis/Gic<i. 5o^mtzti&m\zm'&'t^:it 

rfe^o 30 
[0 17 2] la 1 OiZTji^tlfzmMOmBVt. ffllEG 

^BmT2(0fES{|iJifiiSicfcMt€>±aJv-;uKB4 5 
itTSPi>-;uKB3 1 Wa)iEBJSi/)^:*:#<^i:^:i^*}tn 

[0 17 3] *iim<Dff$ffir-t. affisPL^. * 

m\-0)mm^. mi®SB*frl*/N-K/<>r7XB±(:: 40 

[0 17 4] CCDSS. ^BMT 2(Dll§lJjftfi|(Zfc(t^ 

±a5v-;u KB 4 5 i:TSPv— ;u KB 3 1 HtDSgSI^/h 

*< Loo. «a«iaim^a)iiaE}etfi:fli$/h*<-r*c 

[0 1 7 5] ^tz. *BMT2i&€S(CfcLNT. B 1 Bfil 
B4 2*fcli/N- \^/Ur7.m4 0^m<B!&'C^^<D 
■e. ^BMT 2(DSS<tm 1 m4^B4 2a)fliJ® 4 2 a 

^•V^>:/S4 4<7)^l?^/jN*< LTt. c:(DS^D±|C 50 



[01 76] ^1 11*. *^B^(75m 1 1 (ommmmco 
m^ikthm^f-^KtSit^^toM^mmt^i^^tzmmmx 

[0 17 7] :i<07.\f>/<jvymmmm^it. ^m^*t 

Jl^Bl 0 6**'L^t LT. *(7)±Tlcmi 3?U-fflt14B 
1 0 5. m2:7g-«ttBi 0 7. |^«tt3»mBi o 

4, 1 0 8. jSl@£tttifi1 0 3. Sl3a£«1£Bl 

0 9. |^mtt«3|^Sl 0 2. 1 1 0. m2S^fi^ttBl 

0 1 . m^m^m^B 1 1 i &i/&5S»ttB 100.1 

1 ztmrn-^tifz. L^^^f^)^•TIL7';^xe://^;^::fsal 
Hm'?^<*:0?li*V'S4i(7)-efcy. 0 1 3tj:t>L[i! i ofci^f 
X e >/ <;u 3f MaiMm^ C v > >f ;u x e > / 

T-fc«o ^i:fe«tTfi^lc}!$fi^;*^^Tt^-g)B*<TifeB3 3 
■e. m^±mizMf&^^xi^^mt<^mm3 ax'^^j. 

TifeB 3 3 7^>^ f,«KB 3 8 *-e(7)«Bi*l::«^: oTl^BM 
T 3/I<fl^JS*^^rl^'5o 

[O 1 7 8] *^BJTM*. S?^ai4B 10 0, 1 1 2A< 

t^^o fc^L>li|iIlBP t -Mn^^lZft^T. X— M n 
(y-rfiLXIi. Pd. I r. Rh. Ru0l^■r*t/lM a 
^fz\t2m)^±(D7tmX&^) -e. fc-SLNliP t-~Mn 
— X' (fc/£LX' (i. Pd, Ir, Rh, Ru. A 

u. As(ol'^^ftlt^^m^fz\t2m^±o)7tmx&^) 

XMf^^HXl^X^<kl^o 

[O 1 7 9] S515»1 3?y-»ttSl O 5. MIHm2:7 
U-«14B 1 o 7 . |ira5« 1 BSiKttB 10 3. ffjsem 
2@SSSflBl o 1 . l5fBm3@SmttBl o 9. ffrfS 

m4@SatttBl 1 1 fis N i -Fe 

Co (=]/^;UK) . Co-Fe (zi/<;bK-») 

co-F e-N i ^^^c^'-eji^^stLrfcy. M 
lEI^^ttSmB 1 o 4 . i0 8(i. Cu m) ta^cDW 

%mji<Di&i^$mi^mm^nxfim^*ixi^^o 

[0 18 0] TifeB3 3_h)!l^t,. »2@Sfi8ttBl O 

1 . $mi±^n» 1 o 2 . m 1 m^m^m 103. 
tt^msi 04. mi y'J-mi±m^ osa>mmizt^if 
r. c rtj:Hxmfm*ifzmmmRxfm^mttsi^^u 

rXTJfeHl 13. 11 3t<mf&i*lXtS^J. Z(D/<^ 
TXTifeBl 13,11 3(Dmf&\Z^^X. ^in-r-S/N 

-KA^^xsi 1 4, 1 1 4f}^p>^±-r^yUr7.m 

[0181] ^ t) !::/<-< TXTifeB 113. 11 3(D± 
fcii. fiUxlic o-P t (zi/^;uh-S*) ^^Ai^Co 
-Cr-Pt (3/<;uh--S7PA-d*) ^*?Efib*-c?JK 
jjc**itc/N— K/Wr:^Bi 14. 11 4A<fl^iS*+Lr 

[0 18 2] */--Mfi2/\— K/^-rrxBl 14, 114 
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<!f-C)B«*Hf=« 1 San 1 1 6. 1 1 6A<JKBE**ir 

[o 1 8 3] 1 6. 1161*, ^mmT3 

6, 11 6±|C(iC r, Au. Cu, Ta, Rh, I 

r. Ru. Wi£ift;i&^t*ltzmzm®ni 17, 11 10 

7A^SJl$4^rL^•5o ig2m«iei 17, 1 1 7(i, m 
imffiiBii6, 1 1 6s«is«fey, -*Kcsffi® 

v^7«^iSi®iyilWA<:^#< **irt%«o 

[O 1 8 4] #BMT 3(0«®, Hi BSB 1 1 6. 1 
1 6 ©as. at/HamSBI 17, 11 7(DSffi(C 

(*, ±gp^-vy^lg4 4/)<jiEK*ih., ±SP^-vv^B4 
4J:(Zl4±gP2/— ;UKJB4 5A<^KfiE**LrL^-6, ±.8Pi/ 
-^U KB4 5 (*, Siai*ftJi««A^c,J5:*«KB4 6ICJ: 

[O 1 8 5] *f=. m 1 1 -eii, ««=E— J* > hA<R>S: 20 

-sffiism 1 HSJStt® 1 o 3 i: Bfrtem 2 ssfflEtts 1 o 

1 StrlBl^i8tt*t<^B 1 O 2 *^Lr«B**Lfct© 
-o©@S«ttBP 1 i Lrafiir*. *fc. «« 

^-p' > hA<^3S:-5itriEm3@s»i4B 1 o 9 tmt&m 
4@sattBi 1 iA<. «Jrf5i^<att*rii4B 1 1 o^^^L 

[0 18 6] MiHIS 1 @^«14B 1 0 3tMBEm2@S 

«tttB 1 o 1 (OK^t:;^|piii, i 8 oSS'&:-SS^fffl):7 
I >J»ttttJII=JS:^Tfe y . tiFffiSg 1 @5£«ttB 1 O 3 30 

tt!la^mzmmm^m^ o i t*<Ki^izmy5(Dmity5\^ 

13] i-SS ^ -a- -5 c i: A<r' # -So 

[0 1 8 7] ®i i-cii, mEmiHS«ttBi 0 3X 

[0 18 8] fltllEmsB^fflltt® 1 0 9i:Bfrs5m 

4aSfflEttBi 1 KOWb^f^it,, 1 ao&mtaii&w- 
!T(0:7xy«EttttS8ir;a:oTfcy. TOIBm3@^«ttH 40 
1 0 9i:fijBESl4@SaittBl 1 1 ^:A<SL^l3•^fe^<7)» 
<b:^ IS] ^@ S L o r L^ ^ o 

[0 18 9] atrlHI^Sai4«i|^B 1 0 2, 1 1 o 

Ru, Rh, Ir,Cr,Re, Cu (03^1 9ft 

•5L^(±2ala±<o^*r'^K/S*4^rL^-5o 
[0 19 0] tuidmzm^m^m i o i &u:m4@^itt 

ttBi 1 il±, -^-^i-ftUS^attB 1 ooSt/1 1 zt 

SLT}f$fiE*;h-. «ii+7--JUA<!S^?;h.-5Ci:(cJ: 

y . mt&m 2 ssffltttB 1 o 1 &us.^m^±m ^ oot 
<D#®afct/icfiiam4@sjattBi 1 i&tcsstfflEtt® so 



1 1 2i:«)Sffilzr3E«iedlcJ:i)X«S^1t«*A<* 

[o 1 9 1 ] mR9s zmmm^m 1 o 1 <omit:f3mt. 
05xz?3isaic@s$ti.-5o f?fHm2@s^ttB 101© 

Bl 0 2^^LT>!*|S|-r-5.SSl HSOEttHl O 3roffll<b 

:»isiA<, fjiam2®SffittBi 0 i(Dmity5f^ts.^fi 

rott®-C@S*;h-S.o ?S:fcftrfHm2@S»t£Bi 0 1© 

> hifltriBm i a^ffitts i 0 3omfs.=e- 
®^?11±BP 1 ©Wb:^(S]i:7tc-i,o 

[0 19 2] MIBm2@£iSt£B 1 O 1 0%<b^|q|}!i<@ 
^Z^|£i]|=BI£$4x-&i:#, lltrl5S;4@£at1£Bl 1 1 

<t*<»*LLNo S?rl2l^i»tt«i|^® 1 1 O ^ 

Lr>!*lSl-r-5m3@SK14Bl O 9(0?Hb:SifiiA<, frlH 
SE4@S«14B1 1 1 «>«<b^iaii:Sspfi:5iailc, -T'S 
t)*.. z:?5|S]lz@S*;h-5o ^i:fcf5l3H4@Sfflai4Bl 
1 1 ©aEa=E->>h-i:i!rlHm3@Sl«ttBl 0 9©« 

A<ffTSB@SMttB P 2 <7J«a^b:^|Si i: /j: ^ „ 

[O 1 9 3] ^^t. fltflSmi :7'J-aEttBl 0 5, »I 
Elf «tt*ti|^S 10 6, frffilg 2 7 U -«ttB 1 O 7 5 
^t:LT*Ka]-r«, ffIE»lB^«ttBl 03tmffi«3 
S^fiSttBi ogoo^^b^iqiii, suizi so^mtai 

[0 1 9 4] 01 ir-(*, «a<-r-5*5i=, «14 
BFA<BfrEmi 3"J-«EttBl 0 5tSirESl2:7y-fflE 
ttB 1 o 7 ffilElf ffltttWi^S ^0 6^:■ffL TSB * 
iifctrotL-cjBj***!,, iltiE«i :7'J— «ttBi 0 5 
i«frEm2 7 y-ffittB 1 O 7©«<b^|qlA<S¥fTi:* 
■5 -7 X 'J «tt«S o r L ^ -5 „ 

[0 19 5] strEHi :7y-j»ttBi oetmmmy 
u-KftBi o7i±, <i.fipa#fl>»Sf*sitr, :7i'j 

«ttttS^«-ofc*Sfi8^b:??fSl^^<b^-ti-S„ croi: 

MEig 1 Bsattts 1 o 3 i:atrEm3Bsaai4S i 

0 9<D«t<b:^|o|A<, St^l-1 8 0SS'&:-5S¥fittill= 
^CoTL^•5i:, py-l«ttBFJ:y±BSB»(0fital6<b 
^i: 3? 'J -^IttB F J: y TBSi55^a»«tri^<b<oeffiA<« 

[0 19 6] s)rE@^«ttBP 1 omit^isit 

fJE®S«ttBP2ro?l'(b*iaiA<, 5¥fT^lSl-efc«C 

[0 19 7] mTiit. «^b^lRlA<@5KZ^|Ril=@3£**i 

rL>«,tfrEm2@SSattS i o i oKSi^-^ > h©:*: 
#$^SfrEmi@SaEttBi o3®«Ea*->> hro:^ 
#*J:yt*#<L, a^KttBP 1 ro»^b^isii&lil^ 

z:SiS](c-r-5o m<t:f5\s\it,myf:zyj(S\izm^^H 

Tt^^fIEm 3 B^sattt® 1 o 9 roJKSi^— j< > hfl?:^ 
#^^«tlEm4@S»14Bi 1 1 ©ffiS^E-pt > h©:^ 



(17) 



i|$gH2002-280643 



[0 19 8] i-^t. -b^xBSiE^lil^X^iaiiirJS^fRl 

*<-BtL. Miam 1 H^atts 1 0 3 tmtd^m zm^m 

ttS 1 o 1 0) :7 X ij »tt«ffi. RUmf&m 3 HSKttJB 
1 0 9<tmE!g4BSiatt»i 1 i(D:7xiJiai4tt8g36< 

[0 19 9] flKSBi :7U-attBi 0 5&l/m 

ht<^ts:^^5izBf&^*ixi^^o czT-ti. Miami 
:7y-»ttHi 0 5Xi/8trl5m2 3?u-«tt)Si 07$ 

1515m 2 ^ U 1 O 7 > h s-m^p 

[0 2 0 0] l^eStt^S^Jgl 0 2. 1 0 6. 1 

10 li^ Ru^ Rhs I r^ .Cr^ Ro^ Cu<05*»1 

a & i) 2 a ja± 0) -e Affile * r L> -5 o 
[020 1] HI 1 -eii. i5tami y^j—m^m-i o s 

i ffltam 2 ^ U -aSttH 1 0 7 BirlBl^fi5tt«*4B 1 

[0 2 0 2] friBmi ^u-«ttBi ostm^mzy 
u-ffittBi oiomityjmt^ &w-'i7tt^^yji^jm 
ttttffiic3S:orfcy. 3?u-«f4BFa)ffiJi*aK-r* 
z^<tl^^(;)aiS?b<f#t,tt. 3?u-attBF±tt:a)mi5 

[02 03] MlSm 1 37 y -ffltttB 1 o 5 (om^=E-:A 

> h ^siisBm 2 :7 y -m\±m i o i com^^E-j^ > h ^ 

[0 2 0 4] SiJia^\— K/^^TXS 114, 11 4lil21 

— K/^^TxBi 1 4. 1 1 4;!)^^>cDx^^S]-^.(D/^-rr 
7.m^\zj:ij^ tifiB:7y-aittBFa)«<b:SfS]i±gin^x 

[0 2 0 5] miE®je«iaE-Ctt. @S»I4BP1. P 

2<Dmity3\^t<. mmizmTikzy^j^^^i^itz t^)^-j5 
is](c@s3F;tx. Lt^i,y 'J -m\±mF omit f^miEizm 
5FX*isiiz}ffl^t>*irfcy. HSKttBPi. P2^3? 

y-^ffltttBFCDiS^b3i)<E55H«(cfc^o -^-LriB^iai* 
A^b<Dil^Si5at#(c*tL. «(ilE3?y-^«ttSFa)m^b*<ffi 

1 . p 2<Dmmmity5i^t<ommxm%t&tiit<^itL. 
z<Dm^i&tKm.(D^it\z&'5<mE,mt\z^i)^ t^mm 



mt (tb:ti) icsffis^-r-stDiimi s^attBi 03 
a)ffls^b*[»i<i:mi T^y-iSttBi oscDmityji^co^n 
ft. &i;m3@s«ttBi 0 9(7)^K^b:^^SJ^:m2:7y- 
^attB1 0 7a)Q5{t::^fS]a)*@j^ft-efcy. 

[0 2 0 6] /\-K/WTXBi 1 4i±. y^j—m&m 
F*«iS^>5mi :7y-«ttBi 0 5^m2 3?y-«l4 
Bi 070-5 *». -y3(Dmity5i^^m^^t£\fxj:i^o 

10 H 1 1 -cii. » 2 :7 y -«ttB 1 O 7 (omiff5\s^(D^^ 

}ill7LTL^^o m2 37y-^ttBl 0 7<7)^^b:5fSj;b<-^ 

sia]iztiSx.b*L«<t. mi 3?y-ffltttBi osriHt^b^ 
ifi]3&<s^fT<!:3S«:7xy?»i4ttffit>S:y. :7y-«ttB 

F^«:a)»^b:^fS];!)<-^:^ia]f-S}xb;K-5)« 

[0 2 0 7] :^mmmmxit. mi/\-K/NVTxB 
1 1 4iiEi^x:5fS]<7)fi|«^^. :ii::m2:7y-aittB 

1 0 7lc4-x.-5o (tor. /N— K/<-<7XBl 1 436^C, 

«£^-r^ii^vx:^[S]<7)f?fflti^icj:or. mi ^y~«tt 

B1 0 5<7)m:»[pl (El:^X:&[pI^i£ia]#) ;{)<SL*4x-& 
20 Zt^:n?L^Ztt^XP^o 

[0 2 0 8] Hi 1 (Dm^^thm'f-xii. MTBc^mffi 
B cm 1 mffis 116. ii6)<b:.m2 m^m 1 1 
7. 1 1 icDo-^. mTm<Dmmm<D^tmti:^m^x 

fcoT. *6»B5 0. 5 Oi:fi^i:t>^i:l^ffilas 1 , Si 
(cfcit^±«Pv— ;uKB4 5<tTePv— ;uKB3 ^m(0 
SiSt^G I s. i^BMT3(7)**ci:«^»:^{iai::fcNt 
^±fiPv-;uKB4 5^TSPi/-;uKS3 lW<Dffi)St^ 
G I CitLf-^t^lC. fiTlBG I scbrfUBG I c (D^O^S 
^»a«l£i5^^(7)^5ah^'><7i|»SE~Tw;b<0. 17 

[0 2 0 9] fliJiaG I sctlJlEG I cCOfit 

Gl c — 20nm^GI s^GI c + 90n m$^5S 

fiJlSG I s i:|iJ|BG I cOHS.^. G I c — 20nm^G 
I s^GI c + 7 O nm^^/c-TEHf^iSS-r^Cir-e 

Gl c-20nm^GI s^GI c + 30 n m^^i 

40 fzrmmiz^^t^ z txs>^. 

[O 2 1 O] fc^L^^±. miSG I s ^tflJIBG I c (Dffi 
O. 6 7 ^G I s/G I c ^ 2. 5 0 ^'JS/c-^ffiS 

lcSS-r'5>::i:;&<»*Li^c J:y»*L<fi. WieG i 
s«bffift2G I cCDfii^. O. 67^G I s/G I 

2. 1 7^a/z^isHfc^^-r^z<trfc^o ^ t,irihF 

*L<li. liJIBG I sirlUIBG I cOJfll^. O. 6 7< 
Gls/Glc^l. 5 OSSfr-resffilciS^f^Ci: 

[0 2 1 1] m^ MZTji-^a^tzmmmmx^. sjibg 

50 I s<hG I c<0^(Dm^¥f:m<DmiilTtT^ZtizJ:^ 
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t Tfflj v-;u KB 3 1 m(Dmmf}^x^ <u^:it^n 
[0 2 12] ^tz. :$^^mmmvt. mmm^^^ ^ 

[0 2 13] ztDHSS. *HBT3a)i5fflIift«f3fclt^ 10 
±aJv-;u KB 4 5 (!:TgPv-;u KB 3 1 PeKDSgSI^/jN 

[0 2 14] mi /)^blil1 1 iz^^-^titzmsiikthmiP-v 
it. mm^L^zmommmcommmj&t^tLfztK m 

[ 0 2 1 5 ] HI 2 (i. *^Bjom 1 2 (D^mmmco 

fc-5o 20 

[0 2 16] ^1 2(Dmmi^thmi^it. mm^\- 1 1<3 
B<D®fiiB 4 2. 43. 5 1 0SB«tiH*-e&^^."ea) 

[02 1 7] «2««B43. 431^. mi««IB4 

2, 4 2 J: -*t(7)mfii<7) h^*v^«tg:^rs](DPBiPS3!)<:^ 
^<$ti. m3mffiB5 1. 5 Hi. m2mfiiB4 3. 

[o 2 1 8] 01 2(7)»a<tthm-?^r*(i. mTmcomm 

B(mia«S42. 42).m2«ffiB43, 43. 30 

msmfiiBsi. s ^(D5fb. WTmcommmco^tm 

^jr^MH^T'feo-C. *6^B50, 5 0^1:4^t,3ti:LN<^l|£ 
SI. S 1 Izfclt'5±a5v-;UKB4 5<tTaiv— ;UK 
B3 iraa)J!gJ8I^G I s. ^BKTa)*ACitM3S:«(i 
M(c^bMt^±a5v— ;uKB4 5<bTa5v— ;uKB3 1 Pel 

o. 1 7 umttii^m\ciTizi^mLri^^o mn\-^v 

[0 2 19] fllBG I s tmt&G I cCDffi 

G I c — 20nm^G I s^G I c + 90n m^M 
fc-r«!fflfcKS-r -SC^/j^JfiLUo J:y»*L<l±. 

MIHG I s^hltJlHG I c<D^^. G I c-20nm^G 

I s^G I c + 7 o nm^sifc-rasHfcifts-r-sct-e 

*t>fc»*L<l±. KTsBG I s^miBG I cCDfil 
Gl c — 20nm^GI s^GI c + 30 n m^5S 

-r «sffl fzis^-r ^ z ,b Tr $) o 

[0 2 2 0] &^l^\t. liJIBG I s<l:fJffiG I cOm 50 



O. 67^G I s/G I c^2. 50^Mfz-tmm 
s (tWffiG I cCDflS*. O. 6 7^G I s/G I 

2. M^mtz-rmmi^Wi^i'^zitx^^o -^i^izttf 

*L<I±. StrlSG I s tm^G I cOffl^-. O. 6 7^ 

Gls/Glc^l. 5 OS-iSfc-rteHlcK^-r^c.!: 

[022 1 ] g! 1 z\z7r^tHfzmm(of[^mv=b. Miec 

*BMT(7>S5ffl!Jifte»c33(+«±fflv-jU KB4 5 

TSP KB 3 1 mo^mt^x^ <tji^zt s-ffliTt. 

[0 2 2 2] *|gllfia)?^S|-et. B«gPL 1 

^BMT3fi^lzfcl^T^i3ll^m1m«iBmB<hL. ^@ 

B4 2. 4 2Jiics2®ffiB4 3. 4 3^^i;m3maiB 

5 1. B^^mmir^zttz^-oxX^KLXi^^o 

[0 2 2 3] zom^. §rmmr(DmmiS:m\zn\f^± 

aiv-;uKB4 5i:TSPv— ;uKS3 1 ^(7)5&SI*/h* 

[0 2 2 4] ^B^Tifi^|CfcL^r. B 1 

4 2^5f<ff$fiET:#^<DT*. ^BSTCO^S^tmi Sfii 
B4 2a)fiO®4 2 a ^fZj:-3Tfl^ja:$*L*aSD$ffi< 

T'#^o ti^oT. ±a5:^-v*>::^B4 4a)^Jl^/jv^< L 
x=b. z(o^mo±iz±s!^:i(^^yzrm^^iimmizmis, 

^H^^olzx^^o ^UiO-^. ±«I5v-;UKH4 5i: 
o\zU^. 

[0 2 2 5] 3S:fc\ «aBa)SfilSfi±B<Dm«BI5 

|tr5B^BKa®l::¥^T'^j:^®<t^famMBcOMaS^ 
(7)fS^®<b/)</d:-rSg/)</h^<>iy. ±B<7)®«IBia*t* 
MSAW < ^'ci: it ^ L L^. 
[0 2 2 6] :7y-«tttB3 7. Ft@Sai4H 

35, PI, P 2ii. mB<7)mtt*t*^Bfc^tMi2Ba) 

i«tt*rS^B (Co Fe/N i Fe/cCibf) it LTff^/SStl 

[0 2 2 7] ^y-r. m 1 3(i. m 1 iz:^^tifrsatm<^a3 
m'^d^^mmy t%^wim^z. 42i:m2aaiB4 

3. 4 3^0 1 a)S^±:»3&^c,af-¥®0-efcSo 

[0 2 2 8] mi 3lZ7fv^*l^J:3fC. 4a»lB(7)«filH 

a)3*>STB(7)m«BB-efe^mi m«iB4 2, 

^ h:&iaia)afift* z i ti^. ^BMT(D/\>r h:^[Si<7)^ 

^Tfi*2 2<^:yfi<*^^rL^^(^5-e. «ft«a3m^a)iE 

[0 2 2 9] ^'cCfc. *«BjT*(i. ^BMT. T2. S/c 

iiT3i:mma<jicg^«i*ti-5STBa)afliH (mi««i 

B4 2. 6 3. 1 1 7 K/^'<rxS4 O) 
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W, Ta. Rh. I r, R u tii ifCDW^^O^Ui: 
msBffiH) COWJSSCr. Cu, Au. TataH 

[0 2 3 0] 0 2lz^$4xfca9Mtai*^(Di!ti&^^S 

^^yZfmszitA I 203. S i 02 3S:i:<Dtfe»14««* 10 
ffll^rJ^ia"r'5o Tffl5v-;U K®3 lli. Ste3 0± 

[023 1 ] T&^^^-jZfms Z±\z. mziz 

^$;K'&TtfeS3 3. s3i«tt@3 4. m^ommm^ 

jg3 5a. I^«tt*raii3 5 b. m2(0@S«tt)i3 5 

c35^c>?S:^i/>^2 7^-r g e> KSa)aS«t14B 

3 5. |^«tt«J|^S3 6. m2C7):7'J-«ttS3 7 a. 

l^«tt*raiS3 7 b. mi :7'J-«ttB3 7 c3^)^t>^^:^ 

'y^37xu:7g-stD3?g-«ttB3 7. « 20 

[02 3 2] 3S:fcc<7>^@KTa)ftyic. 01 ifc^-r 
v>^;uxe>/<;u:^^aiKm^^(7>^g|®T2. m^ 2 
ic^-r7^iT;uxe>/<;b:?S»ffi«^<;)^HMT 3-e 

[0 2 3 3] /jrfc^JSST. T2, *fc(iT3*<tiS:t- 

^L<. ^frfiX— Mn (frffLXfi. P d . I r. R 

h. Rua)L>-r*iA^ia*fcii2aiu±<D5t*-efcS) 

feSlMiP t— Mn — X' (t-f£LX' I*. Pd. I 30 
r. Rh, Ru. Au, A s(0l^-fitlt^^m^fz^t2m 

[0 2 3 4] ff^ii£'r'5«tv«l£limTa)3fe:^h^*v 
<7i|iSO-Twa)®«*a5U3' h:f:7ffla>UvX hSR 

1 $^mmT±\zy<^~>mf&-t^o 

[0235] m^ 4 (w^-r «^ 3 his R 1 

fi. ^-tDTSlzWya^fflRI a. R^ammt^HX 40 

[0 2 3 6] ;j!:lZ[gI1 SiZTfi-tJimVlt. Jl-j^>^\Z 
@3 4^lil^^X:^^S]|C:g<ff^i«LTl^^o ?tffc\ SSiffi 

[0237] 1 eci^-rxiiTMi. ^mmro 

mmiz^ jU77.Ti&m3 9, 3 9. ka-ttx® so 



4 0. 4 0. *WS4i, 4 ^ ^f&mt^o /UrT^T 

ifeg3 9. 39(*Cr.Ti.Mo. */rliW50 MoSO 

-<7'X@40. 40fiCo-Pt (:3/<;Uh-S^)^ 
^^Co-Cr-Pt (l3/^;Uh-'i7PA-a*) 
J'cfii:^. 41^84 1. AMtT a^mi^Xmi&Ltzo * 
IIJ6a)J^ffi-ei±. /WTXT*feB3 9. 3 9./\— K/< 

-rTxB4o, 4 0. cfi^B4i. 4 1 a)iSM$-s:&tt 

S^-r 4 -< :^ > e- AX/ ^ j£ * ^ L>TtT o o 
[0 2 3 8] *IIJfi<7)f^ffi-ei±. /N-K/WTXB4 
O, 4 0(±^BMT(t$*rS]-r'5)ay(7)@j®4 0 aCDS±gP 
4 Ob, 4 O bA<|g2(D:7U— ffl[ttB3 7 aCD±S3 7 

a 1 trntji^s^msizmmtti^. iri3it>t>. 

/<-<TXg4 OC^^BMTi:$^ra]-r'5)fi«J(Dfl!j®4 O a 

l±s>^^filL^i:t^cfc^lc^^JS**lTt^-5o tztzL. m7\z^ 

*ix^cfc5l^> /\— K/<'<7XB4 oc;)®j®4 o a;b^ 

s^«ttB3 5(Dfiy®. 4m\±*tnm3e<Dmm. %z 

(D:7y-»ttB3 7 a. *?»ti+raB3 7b. lkU%^ 

(D:7y-«ttB3 7 ca)fflij®^?*iai-r'5cfc5icLrtJ:: 

[0 2 3 9] /\-K/WTXB4 0(i. -?'}-m!&m3 

7S«jS-r^»2:7U-«ttB3 7 atmi 

B3 7c05*,. m2:7y-attB3 7 aa)ail:::^fSl(D 
-5^*-e^^TU^-&o m2:7y-atttg3 7 a<0?K^b:^[S3 
A<-^^Ifil!3}i9iLt>*t^ib. Si :7U-«tttB3 7 cli 

a^b:^ia]*<j&¥^T<b?'cj:^:7xyflattttt^<t?^d:y. 37y- 

[0 2 4 0] *l|j6fia)fl$ffi-e(i. /\— K/^^rxB4 0 

ligI^X:^fS]<7)S*^#^. ^fcm2a)3?y-5SttB3 7 

alC^X.^o tl^-^r. /\— K/W7XB4 03{)^b^^■r 

^mfr^y.:H^(nmmm'\z^^x. mi3?y-^ttB3 7 
[024 1] :(^\zm 1 7 [z?i^-rxii-cii. sffi 3 o a® 

a)}iia:&fS]|::**LmS<7)ftj£0 3;{|^t>. *Pb1B4 1 . 4 

1 ±fcmi afiiB4 2. 4 2^iSffi-r^o mimsB4 

2. 4 2ii. ^B^TO^ia^^iMmic. h^^v^ig:^is]ic 

-So 

[0 2 4 2] ZO^. mimfiiB4 2, 4 2^. ^B^ 
T±(cigltb*ifcUvX hBR 1 <7>T®lCff$jS*;|x/r«] 
yS^-^SPRIa, R 1 aMIZ*-efi£MLrt<fcl^o 

[O 2 4 3] mi m«iB4 2. 4 2^J^/S-r'&<l: 

^lz(±. Ell 3lz^$*L-SJ:5(::. mimffiH4 2. 4 

2(r)/N-f h:&rsi<D®fTfi*z 1 *BlSTfl)/\-f h:^ 

fpl<7)SltT:g ^ Z 2 ci: y ff^/$-r ^ d <t 7!)<J?$ L t>o 
[0 2 4 4] ^LTUvXhBRI^. UvX hflMj-^ 

$ffli^?ti:A<^y h7l-:7ic.i;o-c^^Lfc^. [ill SIC 
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y h:t:7ffia)UvX hgR2*^gMT5Lt/ffiimaiS 

4 2. 4 z±\zmgii-^o 

[0 2 4 5] SIS 3 oss(;)j£|g:^[a]ic*rLEffS 

4*Nb. m 1 m«l®4 2. 4 2±(cm2(Dm8i 
@4 3. 4 3^j£K-r'5o C<Z)J:-5^i:S*5t:^/*$-^t^* 
Ci:(Cj:y. m2««B43. 4 3$»|fiE-r'5-*f<7)m 

[0246] C(7)^. m2mfliH43. 4 3$-. U'vX 
hBR2(OT®l:U^iS**Ltc«jyai-5^fiPR2 a. R2a 

[o 2 4 7] m 1 m«i)S4 2. 4 2^^t;m2m4i®4 
**ifcS«3ofzs^L. mim®B4 2. Az^fzitm 

2Ba)B4 3, 4 3a)lSfi!c-ej^«**ifc4«-y*:; h^M 
^Dlc^gltr. ffilE^-^*^:; K^ttII5Sffi3 o±r*^ai* 

^^frii^ti^^*s^^+^-t±/rx/<*>^.^icj; y. mi 

mfilH4 2. 4 2*/rlim2mfilH4 3. 4 3^*Pb1B 

4 1. 4 i±rzja:ffi-r-5o 

[0 2 4 8] ^fzit. miB^-y-V h^@SLr»«3 

tc^iirTt J:l^o 1 8 icj^-T J: 3 1::. UvX KB 

R2a)±!z(*. «2B8IB4 3. 4 3<!:l^i:3ffl^a)B4 

3 Aij^f&misH^o 

[O 2 4 9] /cCfc. m2m8lB4 3. A.S^fSLm't^t 
#(7)iSSftS0 4$. miB«iB4 2. 42(DaffiBS 

f&mr^t ^(Of^mnm. a 3 j: y ^i::^^ < -r ^ - 

mom^mtti^tji'm&e 1 *BMTa®fc¥fT^i: 
e 2,*:y/h^<T*^^o 

[02 50] 0 1<0 2t-r^<t. *BfllTfciIgSfi8 
^tL^mimfliB4 2. 4 2;b^t>*BKT-.a)«a8<Dflt 

[0 2 5 1] Sfc. *BMTa)^fliJi£«(cfc(t^±«Pv 
-JU KB 4 5 i:TfiPi/-;u KB 3 1 m<ommt^X^ < Jfe 

i-^tztbiz^ m2mfiiB4 3comj?t 2^. mim<iB 
42a)ffiji[t 1 cfcyB<■r-S)Clt)^l<»*Lt^o 

[0 2 5 2] ^BMTitmSlWfClfJgJ^n^gT 

Ba)mfliBT-fc^mimaB4 2, 42^. atmsdj^ 

T-a)f5fi^j«(* ^ (DSlSjffi ^ L r iI5S«tn;flt * IHfJ^t■ 
a. Rh. I r, R u/cP<tfCD5itta)«**^fflL>-Cft^liS: 
||2mSB43. 43^Cr. Cu. Au, T a /jT 



[0 2 5 3] -€-Lr UvX hBR2*. UvX 
T.||im^B42. 4 2Xr;®2mSB4 3. 43 

(c. HI giz^-Tctafc. ±ffl^A'^:/3^B4 4*iqEM-r 

[0 2 5 4] ^^fC. Iil2 OfC^-rXig-eii. ^B^T 
fi.t/aTBa)SaiBt?fc*a 1 ®«IB4 2. 4 2±(D- 

10 ap^a>5:««iiaiw. «y5x^Spa>}^fiK**ifcy :7 h:^-:7 
m(;)uvx hBR3*giSL. &m3 oizt^Lm^sbyji^ 

3!)Nt>miS«&B±(D-fiP5ti;^2mfilB4 3. 4 3 ±(7) 
^T<D«««!:a35:^tt»B5 0. SO^fiEffi-f-So 

[0 2 5 5] UvXhBRS^. UvX hSlJSI?$^ffil> 
3S:7!)<by ^ h7|-:7fc^oT^^LyrS. H2 1lz:^-r<*: 
5\z^ ±aj^-\'^>3^B4 4_hlcJiaJix— ;uKB4 5^ja 
KL. ±8Pi/-;uKB4 5±lc«KB4 6^iaSf -SX 

s^sr. i!2cDfitta«idi*^7!)<^/a-r*o 

[0 2 5 6] TSrte. -LIELfc?am«4iim^a)iStig:S5il:: 
20 fcU^r. «1 mffiB4 2. 4 2it. m2B«B4 3. 4 
3a)5*>. mi m«iB4 2. 4 2(D«?^cbM/j:^^ilJ-Cfc 
oT. ^SB5 0. 5 0«!:mJ:j:t>?'d:t^^lllS 1 . S 1 fc 
fclti)±fiPv— ;UKB4 5i5:TSPv— ;uKg3 1 Pel 0)56 
Ht^G I s. S^BKTa>**CitM3ti:§eai::fclt-5± 
aJv— ;ixKB4 5<bTaJv— ;uKB3 i rBl(7)Sig|^ g i 

«stsiuisi^(DSiah^*y>>iie;b<o. Mumttjiim 

30 [0 2 5 7] mftWfCfi. miaa I s^SJlBG I c(Dm 
G I c — 20nm^G I s^G I c4-90n m^M 

tz^v^m\zm^-r^zttm^Ll^o ^^jt^^L<it. 

fllBG I s ttijt^G I cCDfil^. G I c - 2 O nm^G 

I s^G I c + 7 onm^mtz-tmmiz^m'r^zLt'e 

fe^o *^(3$?*L<f*. mUG I s<!:|tIfaG I cOJffl 
Gl c — 20nm^GI s^GI c + 30n m^M 

[0 2 5 8] fe-SlMi. SiIfSG I s ihSfrlHG I cO)® 
O. 67^G I s/G I c^2. 50^5S/rf®ffl 
40 (rK^-r^;i<i: Ll>o ci:y^?*L<li. S&IBG I 
sctffJiaG I cflDffi*. O. 67^G I s/G I 
2. 1 7^*Sfr-ra5ffl|z:|S^-r'5Ci:r*fe^o ^blci? 
^L<(i, fJIBG I s ^tSaiEG I cOym^. 0. 6 7^ 

G I s /G I c ^ 1 . 5 o ^mz'tmmizSL^'r^z t 

[ O 2 5 9 ] MsBG I s <t G I c (7)ga>fi|* mSCOMia 
Ti:-r^c:i:lcJ:oT. ^Mmr <DmmiEm\ztS\f^± 
SPi>-;uKB4 5i:TgPv-;uKB3 1 Pal 0)56 J!iA<:^^ 

50 ^:itt3^V^^o 
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[0 2 6 0] ^tz. :^mmmmvt. m«isPL^. ^ 
[02 6 1] zof^m. §^mmT(Dmm^^\zisif^± 

a5v-;UK@4 5<!:Tffl5v-;UK)g3 1 K(75j!§Si^/h3F 

[0 2 6 2] i^SKTifi^lZfclNT. migffis 

® 4 2CD§IJ3a4 2 a it (Ccfc o TJf^/S^tt^S^ D ^^g < 
T'^^o «£oT. ±a5^-^'U/:/Ji4 4(7)KJ5S/Jx*< L 

SfliSP L ^ <7?raa)mSlMS3K^ «fe y fitHlcRfiih-e ^ <i: 

[0 2 6 3] ju±. ia2ic^**Lfc«m«ai«^(oi!jg 
:&jfeicoL>rSiBjLyc;{)<. 1^^115 o. sooff^/S*^ 

G I s<G I ot-r^tm4(Dm%^^M^^ms&x'^ 

ho 

[ O 2 6 4 ] Sfr. m 1 mfilB 4 2. 42 ^ ff$figl±-r. 
*Fb1H4 1. 4 1±fCilSm2mSiS4 3. 4 3*as 

[0 2 6 5] m&<Dm^ikthmif-'^mfS.Tht^\zu. 
-^-(<pu h'yv<?y^^7-()\.'sits.ii^m\.^x^mmT 

t^raHSLTte^. ZL<O^^W^d, d±(D^^m5<^ 
42. 4 2^fiE^'r^<t^fC. mtfiUvX hlKD^yii 

^spp^f::*-e. m 1 mmm 42. 42 ^ ^^^-r+ii* j: 
[02 6 6] m9\z7iki^Htzm%,i^thm^^miiitht 

^\Z\t. 0 2 2(C^**L^J:dfZ. /WTXTJfeBS 

9, 3 9^sffi3 o^75a®^cs^•r'5;^^i:^^s]3^)^bJ3£m■r 

tilicfcL>o -150^1^. A-<7XTlfeB3 9, 39^x/^:/ 
^fS.mr^fzisbO^'-^y \-^&Wi3 0\zW'^ttiih<^ 40 

=3 U y — i/a >X/^*;/^/^a)l>-rtb*^*yc 

CtifCcky. i^BMTCO#]®fzii|i-r^X/^^:;^*a 
'^mitAjt*tj:<^ *B®T*a)JR5t»ttS3 4a)Sti3 
953 4 b±lca)^fi£M*tt'5»cfc5fc-C^-g)o 
[02 67] ^t>IC. /\— KA-f 7'XB4 O. 40^^ 

ci:y. Iil9lZ7F*;K'5,^5(z. /\— K/^^ TXB 4 O. 50 



4 Oa)^BMTfiOCD<|IJ® 4 O a, 4 O a ^ 2 :7 ' J — 

i:. /n-K/<^T;^B4 O. 4 0i!:m2:?«;-«tttB3 
7 aA<SamM(zS8iit:i:<»:y. m 2 3? 'J -^ttB 3 7 a 

[0 2 6 8] Uv;^ hBR 1 (^fiSSPR 1 b. RIbCOtt 
g,!:. X/^>^3gt^^S a(7)^|g55^ff3tT/il5itt^lS^^ 
€)::<tlZcky. /\VT;^TtfeB3 9, 39;b<^BMTa) 

mm±\z±<mm^ti^i^^5\z-rhzt. mzy^j- 
m^ms 7 axt;mi y^j-m^ms i oa>m^±.\z^^ 

JS:*i^^^:t^«SfflTvWr;^TifeB3 9. 3 9A<*BffiT 

B40. 4 0i:m2:7iJ— atttBS 7 arBl(D/<-rT;^T 
ifeB3 9, Z9(r>mWt^^ r^m\>XTtUh^r>\Zi^^T 
;^TifeB3 9, 3 9;b<^BMTa)fiiJS±lcfl^fi£$*L-g,e*: 

[02 6 9] ^fr. ^ 1 2fC:^^n'Sct5?5:3BJ^±<Z) 

mffiB3b^t,?E*:*mfiiffl5L^ff^iS-r*yri6ic(i. wyj^.^ 
fflcoj^«$*ifcu:7 h>t-:7ffla)Uv;^ hB^^BffixA^ 

t,KElcff^i$^;Kfc1SaBa)m^Ba) a *>g±B<7)milB 

±ic;!)N(tTff^jiS;L. |irlES±B<7:)lHiS±(c* bic^ijc;) 

t,«lfiU ^a)»M8EUi^xhB*l»*-r-5xg$«y 

^l■lt^fcfcu^o 

[0 2 7 0] m^ 4;!)^^>gl 1 7 * ;KfcXg(Zfc UN 

*BKTS7X<7-r^Uv;^ hB^2BUvX h 

d^aPRIa. R 1 a S^-r-Sy ^ h:l-:7ffl(DUvX KB 
R 1 t LTl^-So 

[02 7 1] frf£L. *«gB^rM±. 1112 3fZ:^^*i^J;: 
o\z. t33tJ^^a5^:&^/ei:U>UvX hBR4^fflL^T. 

w^O. 2/imtiTa)ipg^;£-eff$fi£-r^ib#(3li, 

T&l^UvX hBR4?f^j«-r^C<b;!)<W5a-efc^o 
[0 2 7 2] UvX hBR4(Dff$i£^. ll2 4fZ^-r:r 

< x*:;^>^|z.i: tj ^B^T(Di©fli]^»J y j^t;o 
[0 2 7 3] $t>ICg!2 5IZ^-rxgrM±. ^BMT<^) 
flfllllc, /<-f TXTJftBS 9. 3 9. /n-K/WTXB 
4 0, 4 0. *Fb1B4 1, 4 1 . &t/ffi1 mffiB4 2. 

4 2^ia^'r^o 

[0 2 7 4] *»Bj-eri. *BKTia«fzfcixTmia 

SiB4 2. 4 2^'S<ff$jig-e^. ^BMT(7)S®.tmi 

mffiB4 2, 4 2(7)iiySi:ICj:oTft^ia*:K-5SMDa) 
BS^;4t 3$^<S<t?i?-5o «e-3r. UvXhBR4/)< 

^y2.-5^sp^w*^i:<<i:t. mimffiB4 2. 42a)j« 

K^l::UvX hBR4^5tlllcK^^T?#^, 
[0 2 7 5] J^Cfc. *^0jco^Ka«^£±jm^^iziB@ffia)>r 
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[0 2 7 6] 

43 * C i: S/j: -5 {iS ic fc It ^ ±85 v-;u 4 5 <i: TSP 
v-;uKB3 imcDSgttG I c*@SL. «imfilH4 
2, 4 2a)^ibS?S:'5«iJU-efc-oT. m2m8iH4 3. 
4 3l!:S?5:b?5:U^«ilSS. S (ctelt'5±fiPv-;L' Kli 4 
StTaPi^-Zl/KBS iPaoSiMlG I s$S^b*-frfc^ 10 

h^';/<7i|a(effective read 
width) E-Tw^2MSL/=o 
[0 2 7 7] SISftK^'^/^^iffiE-TwOSlISli. ffeicK 

2 7 #ffB) „ 

[o 2 7 8] iS1^lcffiLNy'-«Sl;Biajm^cOG I clieo 

mT<J>/\>( h:^rS]S$Z 2* 0. 1 /im. I^S«^*;!)^f> 

>^H(7)40. 4 0(Da®«^bxflail(^fllS-7. 5T-n 20 
m<b Lyc<b#<t 2 1 . 7 T ■ nmi: Lfci:*a)2aya) 

[0 2 7 9] 1112 6 IZ. fliBG I s <b: G I c<7)^a)fi<b 

sea h ^ V ^ *s E - T w <t a)B8« * ^-r ^ ^ :? * ^-r o 

[O 2 8 O] gl2 6(7)'$f^:7*^b. ffllEG I s 
* < ^ii:^ irHSb h 5 *y E - T w/)</Jx^ < fcp^ C ^ 7b< 

[02 8 1] /\— K/<>rrxBa)4 o, 4 ooj^ss^^t 

xKil<Dfil*7. 5T ■ nmirLfcig^. 3IS(jh^>><7 
ipSE-Tw^O. 1 7 /imiaTfCf ^friftfCfi. ffJgeG 30 
I s t G I c(DM(Dfil$ 9 O nrr\\>XT tt^\t^l^:Lt 
t^i^t^^o MISG I set G I cCD^05fit^7O 

nmJilTi:-rtL(*. HSb h^^^^il'gE-TwS O. 1 6 

7 ^ mJaiTf::"e#. W!EG I s G I c <7)^a)fil$ 3 O 

nrr^\>XTt^)X\t. SgS!) h ^ <7l|iS E - T w ^ O . 1 6 
5/imliJlT(C-C#^o 

[0 2 8 2] ^fr. /\— K/<-<TX)Sa)4 0, 4 0(DSI 
e«^bxMi|[(;){i*2 1. 7 T - nmchLfcii^. MbS 
G I s i: G I c CO^COfii^ 7 O n mJilT^t ■r;txl^. HSIj 
h^'^^ipSE-T O. 1 6 A/mmT(CT:#. «1IiaG 40 

I sirG I ca)S<7)fll$ 3 O nmJaTir-r+lli. h 
^*:/':7iligE-Tw^ 0. 1 5 7 /UmlUTClT'^^o 

[0 2 8 3] ^^fc. ]ft5i^?£i:J?*<Z>/\— K/<>rrX|l4 
O. 4 0*J^ia-r^fr*blC(i. G I s -G I c^-2 O 

[0 2 8 4] C*Lt,a)SmA^b. *«0-«-e(±. SilfBG I 
s <bMIEG I ca)il$. G \ c — 20nm^G I s^G 
I c + 9 0nm*^/--r«5ffllcKSf ^C<tA<^^*Ll^ 
<t L. cfc y$?*L< fi. Gl c-20nm^GI s^G 



*L<(is G I c-20nm^G I s^GI c + 30n 

[0 2 8 5] tJEG I ct^eO nmtr&^Zt 

;!)^b. MI5G I s <t|irlSG I ca)fil^. O. 6 7^G 1 

s/'Glc^2. 5 o^j^fr-rteffliwias-r^ci:;b<iif 

*Ll^i:L. <fcy»*L<l±. O. 67^G I s/G I 
c^2. 1 7^3Sfc-rffifflfcS^f «>C<!r. $:^,fZ»* 
L< li. O. 6 7 ^G I s/G I c ^ 1 . 5 O^iS/ri-r 

[0 2 8 6] 

iSG I si:G I c(0&(Dmm^(0m)clTt'ti>:it\z 
[0 2 8 7] *ft^-C?(*. fl(rffiB««* h^'><7 
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